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PREFACE 


These five workshops on trends, priorities and needs of systematic biology were organized in 
response to a request by John Beaman and Wayne Moss of the Systematic Biology Program 
(SYST) of NSF. The last assessment of strengths and weaknesses of the discipline was in 1974 ata 
panel convened in St. Louis, Missouri, by Peter Raven, and supported by SYST. Because of our 
previous involvement with the Program as Associate Program Director and Panelist, respectively, 
we were asked to advise in December 1979 on ways to develop new feedback from the systematics 
community to the Program. The workshop format was recommended and approved with modif1- 
cation by the SYST Panel in January of 1980. A proposal for support of these workshops was 
submitted and funding allowed the following schedule of topics and localities: (1) Tropical Biology 
and (2) Basic Systematic Research, Columbus, Ohio, 11-12 June, 1980; (3) Research Trends and (4) 
Human Resources, New Haven, Connecticut, 18 - 19 June, 1980; and (5) Physical Resources, 
Pittsburgh, Pennsylvania, 25 - 26 June, 1980. Sixty systematists (see p. 44) participated in these 
workshops and have written the reports contained herein. It was obviously impossible to include 
all qualified sytematists in every workshop, but the sessions were open to the public, and some 
visitors did come from local areas as well as from afar. The reports were drafted by the Committees 
(Introduction and Summary of Principal Recommendations by us), edited by the Chairmen, and 
compiled by us for the final report. Stephen Edwards of the Association of Systematics Collections 
provided invaluable assistance by supervising the final typing and duplication of the report. 
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I. INTRODUCTION 


During the past decade, a single source, the Systematic Biology Program of the Division of 
Environmental Biology, has supported a wide range of studies including basic systematics of plant 
and animal groups, many aspects of paleobiology, evolutionary theory, comparative and functional 
morphology of animals and plants and innovative approaches to biomolecular systematics. 

Overall, the breadth of research supported by the program and the level of support available 
have been found to be most satisfactory by the systematic community. But, in addition to the 
perennial and quite natural concern that enough monies are not or will not be available for the 
tasks that systematic biologists deem important, both individual researchers and the professional 
staffs of the National Science Foundation feel that periodic self-evaluation is needed in order to 
make sure that the goals of the community of “users” and the policies of the funding agency not 
only coincide, but are both correctly formulated and expressed. 

In fact, this ideal solution is difficult to achieve. The community of users has no single policy and 
would vigorously oppose most formal mechanisms to shape one. The voice of the community is at 
present no more than the sum of hundreds of individual opinions; it is rarely sounded and 
therefore rarely heard. The policy of the funding program is a product of the philosophies and 
decisions of the Foundation staff members and the reviewing panel members. Both groups of 
people change frequently; in addition, there has been no permanent Associate Director or Director 
of the Program during the decade. Therefore, despite the high quality of the program officers 
(which perhaps is a direct correlate of their temporary secondment from the ranks of active 
systematists), long-range planning within the Program has been difficult. Given the determinedly 
individual nature of most systematic biological research, highly specific resource planning, project- 
oriented research and funding through single large research contracts (in the way that High- 
Energy Physics, for example, is funded) are probably inappropriate and in any case would be 
regarded by the community with suspicion. Nonetheless, long-range planning within the Founda- 
tion and within the community can be shown to be extremely useful. Two examples can be given. 
The Biological Research Resources Program has done an excellent job in getting support to the 
appropriate resource centers— Museums and Laboratories—in the community, but this has been 
made possible by the detailed and painstaking assessment and evaluation procedures for syste- 
matic collections that were taken on by national systematic biology societies at the request of, and 
with the support of, the Foundation. Careful evaluation and planning led here to optimal use of a 
limited resource. In 1974, the Foundation sponsored a large workshop meeting at St. Louis 
(Anonymous, 1974) to assess long-range trends and needs in Systematic Biology: population 
biology, chemosystem- atics, applied research centers, etc. One of the specific results of the 
conference was the establishment of the Population Biology Program at NSF. The insights gained 
from this meeting were useful in guiding the Systematic Biology Program in a wide range of 
subjects over the ensuing years. 

Now, in 1981, the time seems ripe for renewed evaluation of the trends, priorities and needs of 
systematic biology. This is an especially appropriate time to consider these issues, because the 
crisis situation in tropical biology, particularly of tropical forests, commands our attention. 

That tropical biology is of immediate concern to the systematic biology community is now well 
established. Two recent studies have shown clearly the urgent need for increased research in 
tropical regions (Anonymous, 1980a, b). The Division of Environmental Biology of NSF also has 
independently evaluated these needs through the work of Seymour Sohmer, who worked in the 
Division during 1977-78. Many problems remain with respect to exactly what research priorities 
should be established and how the Foundation might respond to these needs. 

Manpower needs must be assessed directly, especially as they relate to the importance of 
increased research activity in tropical regions. At present the training of graduate students in 
systematic biology is declining in response to the decline in available positions, which exist 
primarily in the academic community (now experiencing a drop in student enrollments). Postdoc- 
toral opportunities have traditionally not been encouraged within systematic biology, and the state 
of this situation should be evaluated. Other fields, such as genetics, have relied extensively on 
postdoctoral positions as further research training environments. The concept of Fieldwork 


Initiation Grants to encourage young investigators, already being considered within the Systematic 
Biology Program (John Beaman, pers. comm.), should be explored carefully. 

The role that basic systematic studies of floras and faunas, revisions and monographs play in 
systematic biology should be addressed carefully. Once again, the need for increased research 
activity in tropical regions makes the need for these kinds of studies more acute than ever before. 
At times the systematic biology community has placed lower priority on these basic types of 
studies, with emphasis centering on conceptually oriented investigations. The proper role of these 
basic studies should be evaluated thoroughly. 

The continued growth and development of systematic biology, because of its nature, is depend- 
ent upon the proper development of physical resources: research institutions. This is especially 
true for the systematic collections, which provide the basic data source for systematic studies on all 
plants and animals. Although many of these aspects would fall within the jurisdiction of the 
program of Biological Resources within the National Science Foundation, the systematic biology 
community clearly has an important interest in this area and should make recommendations for 
needed developments. By this we mean not merely “more of the same,” but also consideration of 
innovative modes of collection and presentation of fundamental systematic data. 

The rapid turnover of program personnel in the Systematic Biology Program, plus the diverse | 
nature of research activities falling within the purview of systematic biology, suggests that 
anticipation of and planning for future research trends is needed. Although the nature of 
systematic biology requires much individual effort on specific groups of organisms, some coordina- 
tion toward general themes also seems desirable. While a fully thematic orientation for systematic 
research in the country would be disastrous, some discussions along these lines might be useful. 
And these discussions should include assessment of the impact of changes in research directions on 
both the levels of support available through the Foundation and specific modes of implementa- 
tion. The reports that follow attempt to provide these discussions and assessments. 


Il. BASIC SYSTEMATIC RESEARCH 


Basic systematic research is concerned with the search for organismic diversity and the ordering 
of this diversity into a coherent and scientific system of classification. Systematists apply a 
scientific methodology that 1s basically hypothetico-deductive with which they order the diversity 
they perceive. Basic systematic research attempts to: a) discover diversity, b) endeavor to find 
patterns within this organismic diversity, and c) investigate the processes which have produced 
these patterns. The major result of such research is to provide a better understanding of groups of 
organisms. In the larger context, basic systematic research is concerned with what exists on the 
earth and the question of how the earth and its inhabitants have evolved and are continuing to 
evolve. 


NEEDS AND JUSTIFICATION 


Knowledge of the basic characteristics, diversity and interrelationships of organisms ts essential 
to biology, because such knowledge provides the framework for all comparative studies. Only with 
such knowledge can biological research be placed in proper context. For example, in 1977, a 
previously undreamed of community of marine organisms (including pogonophoran worms 
larger than broomsticks and clams and mussels as large as dinner plates) was discovered associated 
with hot water vents at depths of 2500 m in rifts between oceanic tectonic plates. Such communi- 
ties are probably extensively distributed. It is without doubt one of the most remarkable scientific 
discoveries of the 20th Century. Despite their large size and local abundance, virtually all of the 
component organisms were previously unknown to science. Because of the previous inadequate 
support for the study of the systematics of marine invertebrates in general and the resulting lack of 
knowledge about them, the specific taxa in this community cannot be placed in their proper 
taxonomic and hence evolutionary context. Thus, knowledge of these organisms has lagged behind 
the acquisition of knowledge of other aspects of the rift vents (Spiess, 1980). Further understand- 
ing of this remarkable biological community is impossible without additional systematic studies. 

Accurate taxonomic identification of critical species 1s an absolute necessity in ecosystem 
studies. Because ecosystems contain hundreds to thousands of species of organisms, ecologists are 
especially prone to errors resulting from inaccurate taxonomic information. In such cases, the 
problems of identification are usually due to a scarcity of systematists, lack of knowledge and 
documentation of floras and faunas, and sometimes even to a disregard or lack of understanding of 
the need for good systematics. For example, profound differences originally reported as “an 
important ecological evolution in the Chesapeake Bay over the course of only a few years’ were 
only much later discovered to be due to the misidentification of planktonic copepods (Bowman, 
oT): 

The role of systematics is equally essential at suborganismic levels of biological research. 
Improper generalizations result from the failure of biologists to appreciate the role of systematics 
in elucidating diversity (Lee, 1978). For example, highly specialized molluscs such as the sea hare 
(Aplysia) are often used in neurophysiological studies. Although these represent only a tiny 
proportion of molluscan organisms, one sees reports which state, ... molluscan tissues have been 
shown to...’ when the results of detailed research on a single, highly specialized and perhaps 
atypical, species are interpreted as representing an entire phylum. Many researchers choose their 
experimental plant or animal because of its ease of experimental manipulation or survivability 
under laboratory or greenhouse conditions, and then by extrapolation suggest that the results are 
basic to biology in general without regard to classification, natural variability and the diversity of 
life. Such problems are caused by narrow and ill-informed concepts of what systematics is really all 
about and the failure to use information generated by systematists (Lee, 1978). Such misinterpre- 
tations of biological data are especially evident among cell and molecular biologists. 

The proper preservation of natural areas for aesthetic, scientific, and economic purposes 
depends upon a knowledge of many things, including their biotic diversity. Documentation of such 
diversity is usually inadequate or lacking, often a direct result of insufficient financial support for 
basic systematic research (see data in Lillegraven and Steussy, 1979). The federal government 


commits many millions of dollars to preserving natural areas, sometimes for the purpose of 
safeguarding a specific taxon. In all cases, lists of species and knowledge of their distribution in 
such natural areas are needed to monitor the effectiveness of the natural area in accomplishing its 
purpose. Systematic research and permanent collections are necessary to evaluate what is and what 
is not worth saving, and to assess the effectiveness of preservation measures. 

Environmental impact statements required under the National Environmental Protection Act 
have had a major impact on the systematics community. Many systematists are severely taxed by 
the need to provide information on the identity of species. This is a crucial component of 
environmental impact statements, which could be subjected to severe legal challenge on grounds 
relating to the validity of the taxonomic information they contain. Additional manpower, funds, 
and information retrieval capability are all required in order to permit systematists to carry out this 
important public service and to enable government agencies, corporations, and individuals to act 
responsibly in accord with existing environmental laws. 

The continued maintenance and improvement of domestic plants and animals is essential for 
human welfare. Identification of potentially useful sources of new germ-plasm for this improve- 
ment depends on a knowledge of the basic systematics of economically important organisms and 
their wild relatives, e.g., tomato, potato, wheat, grain, sorghum, etc. For example, the recent 
discovery of several new perennial species of corn in Mexico has provided new genetic sources for 
breeding programs with the potential of developing new disease—and pest— resistant commercial 
corn. Basic systematic research is the only source of information available to identify germ-plasm 
for preservation, and this germ-plasm is essential for the maintenance and improvement of 
domestic plants and animals necessary for human survival. An important consideration in 
preserving natural environments and studying the basic systematics of the species they contain 1s 
that it is impossible to predict which organisms will have direct economic value in the future. 

Basic systematic research is necessary to provide the required background information to 
prevent costly and dangerous medical and economic effects of misidentification of organisms. A 
recent report (Lee, 1978) describes examples involving the importance of infraspecific character1- 
zation of intermediate hosts of parasites causing severe illness in man, and of the taxonomic status 
of sources of new drugs. Basic systematic research is also necessary to guide the search for 
potentially important new compounds among related species. 

Finally, the example may be given of the recent studies of Calvin and associates who have 
demonstrated the potential importance of hydrocarbons obtained from the “gasoline tree’ 
(Euphorbia species, mainly of Africa). However, the entire genus Euvphorbia last received a 
complete taxonomic revision in 1862, when less than a third of the currently known species had 
been described. Fragmentary studies on a few dozen species show great biochemical diversity in 
the latex, but the choice of the most appropriate species for hydrocarbon production cannot be 
made intelligently until basic systematic research has elucidated the classification, phylogeny, and 
geographic distribution of Euphorbia species. 


METHODOLOGY FOR BASIC SYSTEMATIC RESEARCH 


Systematists use characteristics of organisms to discover patterns of evolutionary relationships. It 
has been fashionable in the last six to ten years to consider certain types of data as being more 
sophisticated and as inherently more indicative of relationships than others (Anonymous, 1974). 
However, rigor of methodology and a clear conceptual framework are the most important factors 
in systematic studies, not the particular kind or kinds of characters utilized. To be explicit, 
morphological, biochemical, karyological and other kinds of characters produce concordant hypo- 
theses of evolutionary relationships (at least for eucaryotes) when analysed critically. There is no 
reason a priori for preferring one suite of characters over another, although, from the practical 
standpoint, morphological characters will probably continue to be used for itial estimates of 
diversity and for initial studies of evolutionary relationships among species and higher taxa 
(Cronquist, 1976). The conclusion that morphological, biochemical, karyological, and other types 
of characters all have useful informational content has important consequences. It leads to the 
possibility of testing evolutionary relationships independently by using different suites of charac- 
ters elucidated by systematists with different areas of expertise. 


TESS 


MONOGRAPHS AND REVISIONS. Monographs and revisions are the backbone of 
systematic biology. Such works are inherently conceptual, even in cases where the motivation of 
the investigator 1s to describe diversity rather than to test hypotheses of relationship. Monographs 
of poorly known taxa may primarily describe diversity. Monographs and revisions of better known 
taxa are more likely to involve the empirical testing of relationships and the hypotheses of the 
origin of these taxa. Both kinds of studies are fundamental to understanding organismic diversity. 
Such works provide predictive frameworks for classifying newly discovered taxa and for anticipat- 
ing particular geographic areas where new taxa might occur. In addition, they provide predictive 
information on the potential occurrence of endangered species and natural history information 
useful in establishing natural areas or reserves. A monograph or revision often provides a basis 
for: a) investigation of evolutionary processes, especially those related to speciation, b) pursuing 
biogeographical studies, and c) conducting studies in biochemical systematics. 

A sound classification (often based solely on classical morphology) may be defended on the 
grounds of the demonstrated predictive value of the classifications. For example, because of their 
common ancestry, the members of a monophyletic group often share features not apparent at the 
time the classification was originally made. Obviously, if one wished to look for new anti-tumor 
alkaloids similar to those found in certain species in the flowering plant family Rutaceae, the best 
place to look would be in other species of the Rutaceae. When the family Rutaceae was originally 
described, however, such alkaloids were not known. 


FLORAS AND FAUNAS. Floristic and faunistic studies may be carried out on one of two 
levels. The first level concerns discovery of the organisms which inhabit a particular geographic 
region, and may be largely a preliminary reconnaissance of the plants and animals of that region. 
Historically and probably of necessity, faunistic reconnaissance is usually narrower in taxonomic 
coverage than floristic reconnaissance, which may, for example, focus on all vascular plants of a 
region. While the results of such studies may be largely descriptive, they provide the bases for 
preliminary estimates of diversity for particular regions. As such, they contribute not only to an 
understanding of these regions, but also contribute essential specimens and data for investigators 
doing revisionary work or making identifications for ecologists concerned with ecosystems. 

The second level focuses on a synthesis of the biology, evolution, biogeography, and ecology of 
particular areas of the earth. These studies concern concordant patterns of phylogeny and 
biogeography as well as ecological parameters, all of which form the bases for pursuing questions 
concerning the origin of the environment and its inhabitants. 


NEGLECTED AREAS AND TAXA. Inventories of biotas of all endangered habitats 
should be made as quickly as possible. Some areas, along with their biotas, are already irretrievably 
devastated, and many biotas, especially in the lowland tropics, will virtually disappear within 10 to 
20 years (Anonymous, 1980b). Because of geographic proximity, it is probable that New World 
tropical habitats will receive greater emphases than those elsewhere, but a// endangered areas the 
world over should be carefully studied, especially those not presently being surveyed. 

The best persons to collect specimens and to make inventories are systematists, since they are 
conversant with the special techniques needed for collecting their groups. However, persons 
directed by specialists (graduate and post-doctoral students) should also be employed. Trained 
field collectors of proven ability should be hired from time to time. In this period of disappearing 
or diminishing flora and fauna it is mandatory that critical collecting be accomplished and the 
collections catalogued and housed until such time as systematic investigations can proceed. Even 
today, collections of bygone “Professional'Collectors” form the nuclei of some of our most valuable 
systematic collections. Both institutional and individual grants for field work are essential. When 
areas are severly threatened and their biota likely to disappear within a matter of years, emphasis 
should be placed on collecting and the concomitant descriptive work should be deferred for the 
time being. Any special or major area which is threatened and which harbors endemic species 
(including those identified in the National Research Council Report, 1980b) should be studied 
immediately. Other things being equal, those areas which have received little attention in the past 
should be given highest priority. One important by-product of the inventory work will be the 
recognition of areas of biotic richness which need protection by designation as biological pre- 
serves. For example, the Klamath-Siskiyou region in western United States and portions of the 
Appalachian forest in the southeastern United States are especially rich in endemic plant taxa. 


Some areas with tropical forest cover, which are likely to be deforested in the next 20 years, include 
eastern Chiapas in Mexico, eastern Honduras and Nicaragua, Lesser Antillean islands such as St. 
Lucia and Dominica, and the rain forests of eastern Brazil. 

Most species of organisms have yet to be collected and described. In the past, emphasis often has 
been placed on collecting and describing large or “showy” animals and plants. However, nearly all 
invertebrate groups and many lower plants (with certain rare exceptions) are poorly known over 
major parts of the earth. In tropical forests, which display a remarkable diversity of species over 
short distances, the number of species is staggering. For example, probably fewer than 20% of all 
species from the Amazonian region have been collected, and a much lesser percentage described 
and studied. Most specialists who have had experience in tropical regions (forested as well as 
non-forested) can testify to the woeful state of taxonomic knowledge. Even relatively well-known 
areas in the temperate zone need further systematic work. 

A serious problem involves retrieving information about the collections made during inventor- 
ies, since such collections become dispersed to institutions and sometimes to the collections of 
private individuals. It will be necessary to establish a data bank. A method for rapid publication of 
descriptions of new taxa may need to be devised concomitantly with assembly of the data base. 

An important consideration in the publication of biotic surveys is the geographical scope. There 
has been a tendency to publish national floras in the tropics, but because of the great biotic and 
physiographic diversity of these countries, completion of a flora is usually long delayed, e.g., the 
Flora of Panama took 40 years, the Flora of Guatemala took 35 years, and the Flora of Peru is still 
unfinished after 50 years. Unfortunately, the earlier volumes of these monumental floras are 
always obsolete by the time the last part is published. Botanists working in the tropics should give 
serious consideration to writing local floras, which can be published in a reasonable amount of 
time. The recent Flora of Barro Colorado Island and the Flora of the Rio Palenque (Equador) 
provide excellent examples of floristic treatments of great utility to researches in many disciplines. 
A Flora of La Selva in Costa Rica is currently in preparation. Comparable local floras and faunas in 
other tropical areas are highly desirable. Production and publication of both local and regional 
floras and faunas requires support through continuing grants, which will permit extended support 
of field collecting, study by specialists, and publication of taxonomic treatments. 


SUPPORT OF SYSTEMATIC BIOLOGISTS. 


The optimum mode for the support of basic research in systematic biology is through grants to 
individual investigators, although certain complex problems and, of course, the institutions in 
which research ts presently conducted (laboratories and museums) require a different pattern of 
multi-user support. The great strength of systematic research is that so much excellent work can be 
accomplished by single investigators or small groups. There are certain categories of research 
awards that are needed in order for basic systematic research to accomplish its pressing missions 
for the next decade and beyond. These are awards aimed at increasing the number of personnel in 
the field and the level of their training, plus broadening research opportunities, usually in the field. 
In making these proposals the workshop on basic systematics finds its conclusions overlapping 
with those of the workshop on human resources, for nothing is more basic to the subject than the 
supply of excellent research workers except the continued health of the natural environment itself. 


POST-DOCTORAL STUDIES. The Systematic Biology Program should provide addi- 
tional funding in research grants for Research Associates. Such funds would provide additional 
experience and research opportunities for young Ph.D’s in systematics. The currently restricted 
opportunities for postdoctoral work in systematics have seriously limited much-needed advanced 
training in the field and have curtailed the productivitiy of young scientists and established 
investigators. This contrasts markedly with the situation in cell and molecular biology and in 
ecology where such opportunities are more readily available. 


CAREER DEVELOPMENT AWARDS. The Foundation should immediately establish 


a series of Career Development Awards for productive, relatively young systematists. These 
individuals should normally be at the level of Assistant or Associate Professor at the time of receipt 
of the award. Such Career Development Awards should be for a period of five years and should 
provide a considerable portion of the awardee’s salary, but should not preclude the recipient from 
engaging in some teaching. 

Career Development Awards in systematics are likely to have longer term benefits than similar 
awards in many other biological disciplines because systematics is a field that requires lengthy time 
periods for mdstering a given group of organisms. Conceptual syntheses and extensive mono- 
_ graphs of awardees are likely to increase subsequent to the completion of a Career Development 
Award. 


SENIOR CAREER AWARDS. A limited number of awards should be given to estab- 
lished senior investigators (generally 55 years or older) who have remained productive and show 
promise of continuing productivity. Such an award should be for the duration of the investigator's 
active career. The award should not automatically carry a salary and should be subject to careful 
biennial review. Such awards are necessary to take advantage of cumulative knowledge, which ts of 
greater importance in systematics than in many other biological disciplines. Awards of this type 
will free the senior investigator from the necessity of continually justifying work in which mastery 
has been demonstrated. It will also encourage senior investigators to undertake and saa large 
comprehensive studies for which they are often uniquely equipped. 


RESEARCH INITIATION. We urge that the Systematic Biology Program acquire funds 
for research initiation grants, 1.e., small beginning grants normally restricted to applicants who 
have not yet been Principal Rees on NSF awards. Such small grants early in the career of a 
systematist will yield large research returns. Field, laboratory, and museum studies are examples of 
activities that should be funded by research initiation grants. Such grants should be reviewed in a 
manner similar to the Dissertation Improvement awards. 


FIELDWORK. This Committee urges the Systematic Biology Program to support well- 
conceived, field-oriented studies in systematics. Persons who are essentially excellent collectors 
rather than scholars should be encouraged and supported in their activities under the general 
direction of a principal investigator. 

In addition, we urge that the Systematic Biology Program encourage and support field studies 
involving collaboration of systematists of various disciplines. For example, mycologists and 
entomologists could very profitably interact with systematists interested in flowering plants. Too 
often, valuable host information is not available with fungus and insect collections owing to the 
widespread inability of non-specialists to identify seed plants. Conversely, information on insect 
and fungal associates would be most valuable to the total understanding of the systematics and 
biology of many higher plants. Such cooperative efforts will reduce field costs and duplication of 
efforts. 


NETWORKS. We recommend that the Systematic Biology Program react favorably toward 
networks of investigators contributing to a common systematic problem. We visualize these 
networks as being composed of individuals at the same or different institutions, each individual 
contributing different kinds of data for the same floristic, faunistic, revisionary or monographic 
study. Particularly effective uses of such funds include short-term visits by systematists to 
institutions with collaborators, critical collections, specialized methodologies or other resources, 
_work by investigators from small institutions at large, well-equipped research facilities, and 
improved information exchange and retrieval among network members. 


RECOMMENDATIONS 


The recommendations listed below are aimed at the Systematic Biology Program and Biological 
Research Resources Program of the National Science Foundation. 


1. PUBLICATIONS. Special small grants, reviewed in-house, for support of rapid publica- 
tion of systematic studies should be intitiated. 


2. LONG-TERM STUDIES. Because monographic, revisional, faunistic and floristic 
studies require long-term research, and because they are fundamental to other biological studies, 
funds should be made available for such systematic studies. 


3, DATA BANKING. Because of the rapidity with which specimens and information 
about them and the taxa they represent accumulate, the feasibility of establishing a taxon-oriented 
electronic data bank should be investigated (see Anonymous, 1974; pp. 433-435) 


4, POORLY KNOWN GEOGRAPHIC REGIONS AND TAXA. Systematic 
studies of particular groups of organisms which occur in poorly known, biogeographically interest- 
ing, or highly diverse areas should be expedited, since many of these areas are threatened with 
early destruction. 


5. SUPPORT OF SYSTEMATISTS. The following categories for awards should be 
included ina new line item in the Systematic Biology Program through additional funding for the 
Program: a) Post-Doctoral Studies, b) Career Development Awards, c) Senior Career Awards, d) 
Research Initiation, e) Fieldwork, f) Networks.! Our review of financial support mechanisms for 
basic systematic research suggests that these will be particularly cost-effective, will enhance the 
quality of research, and will efficiently and significantly advance knowledge in systematic biology. 


| In addition to these items, funds are needed for disposition of valuable systematics collections 
that are not being used or are in danger of being lost. We recommend that funding be provided 
so these may be transferred through purchases (NSF funds), loans, or tax deductible gifts to 
major collection centers. See Physical Resources section of these reports (pp. 36) for additional 
ideas and recommendations on collections. 


HII. TROPICAL BIOLOGY 


Tropical biology is at a crossroads. At a time when numerous reports are pointing to the 
importance of tropical ecosystems for their genetic richness, for their value as watersheds, as 
wildlife habitats, as a source of many economic products (lumber, oils, etc.) for their aesthetic and 
recreational values and for their probable role in global climate patterns, the forests and other 
tropical ecosystems are disappearing at an alarming rate. It is, therefore, the responsibility of 
systematic biologists to respond to the greatly accelerated need. If we are to acquire significant 
amounts of additional information about the numbers and kinds of tropical organisms and 
anything about their dynamic properties or potentiai usefulness, a major new commitment of 
scientific and monetary resources must be initiated immediately. The speed with which habitats 
are being destroyed through the combined forces of skyrocketing growth of human populations 
and massive, short-term natural resource exploitation has eliminated any possibility of acquiring 
the basic knowledge necessary for promulgating the conservation and wise use of tropical natural 
resources at the current level of funding and manpower. 

It is estimated that in the temperate regions of the world, there are collectively some 1.5 million 
species of plants and animals, of which over a million have been described to date. By contrast, it is 
estimated that there are approximately 3 million species of plants and animals in the tropics, of 
which only about 500,000 have been recognized and described. Thus, our knowledge of tropical 
organisms is such that only about one in six of the organisms which comprise the richest and most 
diverse association of plants and animals found anywhere on earth is known. While most of these 
organisms are relatively small (insects, mites, fungi, etc.), they also include many larger and more 
familiar plants and animals. 


To give a few examples, it is estimated that something on the order of 10 to 15 thousand kinds of 
plants in Latin America have not yet been described and catalogued. Of these, possibly an eighth of 
the total, are trees and there is no way in which they can be utilized rationally for human benefit. 

Of the approximately 5,000 kinds of fish believed to occur in the Amazon Basin and its 
tributaries, approximately 40% are still to be recognized and listed. It is imperative that we be able 
to manipulate the populations of these fish to produce more abundant human food in the future, 
yet, we are attempting to manipulate a system in which only somewhat over half of the elements 
have been described, much less understood. 

From only these two examples, it is easy to see the magnitude of our ignorance of tropical 
organisms and their functioning and, consequently, why efforts to manipulate them for human 
advantage have so often resulted in total failure. 

Each species that occurs in nature is genetically unique. When any species is extinct, it is gone 
forever and there is nothing that can be done about it. We cannot study it; we cannot use it; and we 
cannot develop it into something better. Viewed in these terms, the loss of a quarter of all kinds of 
plants and animals that exist in the world during the next thirty-year period, and of another 
quarter during the following century, (Anonymous, 1980b), should be a matter of the most 
extreme concern for every human being, not only as a matter of intellectual curiosity, but also 
because the potential of all these kinds of organisms to aid in the amelioration of the human 
condition is being lost for all time. 

An understanding of tropical organisms and the natural systems in‘which they function holds 
the key to the development of suitable, long-term agricultural systems in the tropics. According to 
the FAO, by the year 1985, some 26 tropical countries, with an aggregate population of 365 million 
people, will be unable to provide sufficient food to allow their inhabitants to avoid gradual 
starvation. In addition, there is a rapidly increasing population of some 400 million people who 
make their living by slash and burn techniques in tropical forests, growing crops for a year or two 
and then moving on. Since it seems certain that most of the tropical forests will be destroyed 
during the next 25 years, it is difficult to avoid the conclusion that up toa billion people will starve 
to death in the tropics during the next three decades. During this period all natural communities in 
_ the tropics will be totally destroyed before we can begin to understand them or learn to use them 
for human benefit. 

In view of these sobering realities, the report which follows would appear to define a minimal 
effort towards gathering invaluable data before it is beyond reach. Despite this appearance, the 
funding level suggested greatly exceeds the current NSF allocations for the study of tropical 
organisms. We suggest that careful study be given to any funding priority which currently exceeds 
that of addressing our ignorance of tropical ecosystems and the organisms that inhabit them. 


SCOPE OF THE PROBLEM 


We are living in a time unprecedented in human history. Today's burgeoning population 
growth ts causing irreversible and pervasive destruction, ona global scale, of forests, drylands, and 
aquatic systems, especially within tropical latitudes. We begin with a brief overview of the problem 
as it pertains to drylands, aquatic systems, and tropical forests, three of the most critically 
endangered tropical biomes. 


DRYLANDS. These are areas characterized by low rainfall and high rates of evaporation. By 
conservative estimates drylands cover one-third (50 million km?) of the earth’s land surface. 
Unless managed with care and understanding, drylands are prone to steady destruction or severe 
impairment of the land’s capacity to support plant and animal life--a process called desertification. 
Desertification threatens the future of approximately 628 million people, about 78 million of 
whom are currently affected by the greatly reduced productivity of land on which they depend 
(Anonymous, 1980b). Regions now plagued or threatened by desertification 2 cover 20 million 
km?, an area roughly twice the size of Canada. Desertification is a process closely intertwined with 
the activities of man. The extension of rain-fed agriculture to unsuitable areas, inadequate 
management of irrigated agriculture, excessive collection of firewood, and overgrazing of livestock 
have inflicted irreparable damage over vast areas. Unfortunately, pressures of this kind continue to 
cause human suffering. 
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The United Nations Conference in Desertification (Nairobi, 29 August —9 September 1977) 
devised a PLAN OF ACTION which addressed a wide range of factors and activities such as 
complex biologic, social, economic, and political interactions. The plan envisaged successful 
halting of desertification worldwide by the end of this century through national programs assisted 
by inter-governmental and non-government organizations coordinated by the United Nations 
Environment Program (UNEP). Implementation and funding for this plan have not materialized 
and there is mounting concern over the lack of action. The major need, therefore, is for national 
and international organizations to make special efforts to persuade funding agencies to support 
implementation of the PLAN OF ACTION. 7 


AQUA TIC SYSTEMS. Coastal wetlands and shallows provide food and shelter for fishes, 
waterfowl, crustaceans, and molluscs. These aquatic habitats are used by an estimated two-thirds of 
the world’s fisheries including some of the world’s most lucrative shrimp fisheries. Seagrass 
meadows are also important habitats, for they supply nutrients and harbor a number of important 
fish species. Although coral ecosystems are of more precinctive occurrence, prevention of their 
extirpation is also of the utmost importance because they provide an important kind of habitat for 
the fish on which coastal human communities depend in many developing tropical countries. It 
must be strongly emphasized that coastal wetlands and coral reefs also provide an important form 
of coastal protection. Some 400 tropical islands owe their existence to the activities of corals and 
other reef building organisms (Anonymous, 1980c). Wetlands, floodplains, seagrass beds, and 
coral reefs have been and continue to be destroyed throughout the world, thus severely affecting 
populations and the economies which are so heavily dependent upon them. In Sri Lanka, for 
example, coral removal for the production of lime is so extensive that a local fishery has collapsed; 
mangrove swamps, small lagoons, and coconut groves have been decimated or destroyed; and local 
wells have been severely contaminated by salt (Anonymous, 1980c). The habitats of many other 
aquatic animals are also facing great danger with the onslaught of human activities. The traditional 
nesting grounds of sea turtles, for example, have been converted into developments of seaside 
housing or bulldozed for scenic road construction. 

Tropical river systems and their often extensive tributaries are not immune to these destructive 
forces. The construction of dams has blocked migration patterns of fish in many parts of the world 
and completely drowned, destroyed, or drastically altered the habitats of countless others. The 
resulting reservoirs undoubtedly support new artificial fisheries but this is all accomplished, and 
not compensated for, by attendant loss of the valuable floodplain habitat and its rich soils 
(Welcome, 1975). At present, however, significant portions of some rivers undergoing progres- 
sive destruction remain unaffected by human activities. Thus study of these, now, can reveal their 
character and provide insights into the function and management of others not faced by immediate 
modification. These are but a few of the typical destructive forces working to alter or destroy 
coastal and freshwater ecosystems. The list could be expanded to include the impact of industrial 
and agricultural pollution, siltation from eroded uplands, dredging to create, broaden, or deepen 
harbors, quarrying, and the slashing of mangrove for use as fuel. 


FORESTS. Forests constitute the tropical ecosystem in greatest danger of immediate destruc- 
tion. Data are now available that indicate these forests are being destroyed at sucha rapid rate that 
they will disappear as a natural ecosystem within our lifetime (Myers, 1979; Anonymous, 1980b). 
Tropical forests are a valuable renewable resource harboring an immense genetic diversity of both 
plant and animal life. If managed on a sustained basis they yield valuable lumber and forest 
products, help to regenerate soils and prevent erosion, protect downstream habitats from flooding 
and siltation, and provide an irreplaceable buffer from climatic variations. When a forest is 
clear-cut or exploited without regard for delicate and easily disturbed ecological relationships, as 
has happened in so many tropical areas, the forest cannot renew itself. Tropical forests are 
shrinking at an alarming rate throughout the globe. Estimates suggest that current rates for 
tropical forests exceed 200,000 2 km? per year (Sommer, 1976; Anonymous, 1980a, b); Myers 
(1979) suggests that as many as 245,000 km? are converted annually. Shifting agriculture, 
spontaneous settlement, planned colonization, clearance for plantations and ranches, cutting for 
fuel, and logging are the factors contributing most prominently to the demise of tropical forests. 


CONCERN REGARDING MAJOR SHORTFALLS 


This destruction of tropical ecosystems, and especially tropical forests should be of utmost 
concern to all. As tropical biologists we are deeply concerned with its accelerating speed and 
emphasize that work in tropical latitudes is a race against time. The severity of this problem has 
been recognized for several years but efforts to halt this unabated destruction are currently 
impeded by the following shortfalls: 

1) lack of adequate knowledge about the plants, animals, and parameters of the physical 

environment within tropical ecosystems; 

2) lack of funds to support the research effort and publish the results; 

3) lack of personnel and physical resources in both temperate and tropical zones; 

4) lack of sustained effort for long-term studies; 

5) lack of an integrated mechanism to identify and execute a research effort on an international 

scale. 

This report attempts to redress some of these shortcomings by outlining future goals for 
tropical biology and suggesting a mechanism for their implementation. Above all the message of 
this report and the concern of all members of the workshop involved in its preparation is that 
there is an urgency for increased emphasis on tropical biology before it is too late. This is not 
something that can await years of debate. We must act quickly, for the forests and other tropical 
ecosystems are rapidly disappearing. 


GOALS 


The immediate goals of the tropical systematist are dictated, in large part, by the urgency of the 
humanitarian and scientific problems that have been generated by the accelerated destruction of 
the tropics. Since taxonomic description of biotic diversity provides the basic nomenclature for the 
world about us and for systematic investigations that delve into the biological nature, behavior, and 
relatedness of all forms of life, people and programs in tropical biology must be mobilized for a 
frontal attack on the crisis at hand. Some of these goals require immediate attention and 
resolution, while others concentrate on long-term studies requiring a substantial data base before 
addressing basic scientific issues that have theoretical and practical applications. 


IDENTIFICATION OF CRITICAL NEEDS. Because of the vast area that lies 


between the Tropic of Cancer and the Tropic of Capricorn, the incredible diversity of Pai isa life, 
and the urgency of the task of inventory, some priorities need to be established. 

Research sites.— No geographic constraints should be placed on certain types of systematic 
endeavors, while others must necessarily receive lower priority. Threatened or endangered areas 
(e.g., The Mekong Delta, and the Rio Parana (Brazil) where the impact of dams is evident) 
throughout the tropics demand top priority by the entire biological sciences community. A similar 
justification exists for supporting systematists interested in revisionary or phylogenetic studies of 
groups with extensive distributional ranges. Long-term studies involving major ecological centers, 
biological reserves and national parks should make use of existing sites such as La Selva, Costa Rica 
and BCI, Panama, but should also be carried out around the tropics. While much field work is likely 
to be carried out in the Neotropics because of their proximity and our desire to recognize our 
neighbors to the south, we emphasize the need for all types of biological work to be carried out 
around the tropics. 

All ecological sites or habitats deserve attention. However, we agree with the NAS Committee 
on Research Priorities in Tropical Biology (Anonymous, 1980b) that the tropical moist forests 
demand immediate and sustained research efforts. In those cases where unique or threatened 
aquatic habitats are identified, intense systematic efforts can also certainly be justified. This would 
apply particularly to the rich coral reefs and to the many estuaries and mangrove swamps that are 
so important to the fish and shrimp industries. 

Taxonomic focus.— All things being equal, systematic investigations should focus on organisms 
with potential value to man: on those that we know least about, (e.g., many insects, nematodes, 
mites, fish and fungi), and on those that are reasonably well known and show promise of yielding 


inf 


even greater scientific rewards. We have an urgent need for sound knowledge about the systema- 
tics of those plants that have potential for fiber, fuel, food, and pharmaceuticals; plants and 
animals that serve as agents in biological control, the wild plants and animals that serve as a 
reservoir of genetic variability for their domestic relations, and the pathogens and their vectors 
which threaten man’s very existence. The ecological role of many taxa in the food chain gives them 
special importance in the systematic investigations of tropical plants. Trees in tropical forests, for 
example, are the most conspicuous element of the vegetation, but often the least well known. 
Emphasis also needs to be given to primary producers, herbivores, decomposers, and soil mycor- 
rhizae. For the health of the science of systematics and in order to maintain and build the predictive 
framework of classification within which all biologic data is based and knowledge retrieved, 
organisms and taxa with major importance in resolving theoretical questions of an evolutionary 
and phylogenetic nature should receive special attention (e.g., closely co-evolved systems such as 
pollination and mimicry). 


DATA AND SPECIMEN COLLECTING. The field effort of collecting and document- 


ing vanishing habitats must be undertaken with thorough coordination and planning befitting our 
last opportunity on earth to obtain pre-extinction representatives of unique species and data. The 
effort, however, goes beyond the description of individual species. Collections should be made with 
the aim of ultimately reconstructing to whatever extent possible the ecosystem itself. Thus, 
collecting efforts should be aimed at a spectrum of diversity of plants, insects, fungi and other 
forms. Advanced planning must involve input from the widest range of concerned animal, plant 
and microbial taxonomists who will have targeted organisms and habitats of special interest. 
Beyond this it is recognized that efforts must be made to collect those forms that are poorly known 
and for which there are few working taxonomists at the present time, e.g., nematodes, mites, and 
many groups of soil insects. 

Team efforts in the field should be strongly structured and coordinated for maximum efficiency: 
individual activities should be identified and integrated where possible. Because workers on 
different taxa employ very different methods it may be more efficient not to mix disciplines. An 
effective strategy may be for teams of botanists, entomologists, soil microbiologists and the like to 
work separately and independently except where carefully planned efforts may prove of mutual 
benefit. 

It is not necessary for all collecting to be done by professional taxonomists; indeed, as already 
noted, for some groups there are few or no practicing taxonomists available. An effective work 
force could well be enlisted from underemployed professionals, students at the post-graduate, 
graduate or even undergraduate level, and paraprofessionals. It is widely recognized by specialists 
that animals and plants of their own group may be easily overlooked in the field by professional 
taxonomists specializing on other, even closely related groups. Hence it is essential that the work 
force be well-trained in growth forms, reproductive states, and the kinds of series that are of 
importance for museum and herbarium work. Collectors must be alerted to growth forms and 
habitats and must know the special skills of collecting and of pinning, pressing, pickling and 
otherwise preserving specimens. Thus the training of collectors for the field team is visualized as 
going far beyond the stage of general collector. 

Careful attention must be paid to the standardization of collection data with the aim of obtaining 
the fullest amount of relevant biological information. The development of formats allowing 
computer banking of data may allow for ongoing analysis of inventories in addition to future 
retrieval. 

There is also a need to emphasize the collecting of specimens by less conventional methods 
which may yield invaluable material for future research. Possible methods include: liquid pre- 
served material, freeze dried material, and the cryogenic storage of living tissue material. 

Field and logistical support must be adequate for the task. Collecting teams will have to be 
maintained in the field. Local facilities may be adequate, or they may not, in which case housing and 
work space must be made available. It will be essential to have the capabilities of equipment and 
additional work force to process the flow of specimens. This should be accomplished rapidly so 
that materials can move from the field to institutional facilities, from preparation to the scientist's 
microscope, from potential data source to published page. 

According to agreements with the host country, specimens should be made available to 
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specialists. This could be accomplished through the use of sorting centers. The eventual deposition 
of collections is a matter that can be worked out with the host country and the various institutions 
involved. Because of the scale of the administrative and logistical efforts involved, it would be well 
to consider the early involvement of those institutions in this country that already have extensive 
experiences and many of the facilities for large scale expeditionary and curating efforts, including 
the Smithsonian Institution, the major botanical gardens, and other institutions. 

In dealing with habitats that are threatened or being converted at high rates, it is urgent that the 
results of the collecting efforts be disseminated as rapidly as possible to the scientific community. 
Such results in the form of taxonomic keys, flora and fauna lists, and basic revisionary studies form 
the foundation for biological studies that may still be possible before the ultimate destruction of 
the ecosystem. To provide such information in its earliest form, it may be necessary to rely upon 
rapid and inexpensive forms of publication. Ultimately, however, the results of the taxonomic 
work should be made available in the comprehensive and detailed form that will allow for 
integration and synthesis aimed at higher levels of biological organization, e.g., community 
structure, biogeography. 

BIOLOGICAL STUDIES. In addition to basic collections and taxonomic revisions, in- 
depth field and laboratory studies should be encouraged and supported, especially those which 
treat taxa with characteristics unique to tropical systems. Such studies might be directed on the one 
hand toward elucidating phylogenetic relationships among taxa and therefore be more directly 
systematic in their goals. These would include comparative study of floral (pollination) and fruit 
(dispersal) biology or similar life history characters, host or microhabitat selection, seed and 
seedling characteristics, detailed anatomy and morphology, chemotaxonomy, karyotyping, or 
genetic relationship as measured by electrophoretic, immunological or DNA-hybridization tech- 
niques. These might also involve special collections of cytological or anatomical material, frozen or 
specially preserved, over and above standard dried museum specimens, or preservation of living 
material in botanical gardens, zoos, or laboratories. Alternatively, intensive study might be made 
of single species which show special breeding systems, behavior, population genetics or popula- 
tion structure. 

Tropical areas are characterized by systems of interactions between species that are often closely 
co-evolved although they involve distantly related taxa. These systems may be purely exploitative 
or mutualistic and may exist as parallel systems that, studied comparatively, yield systematic (.e., 
taxonomic) insight. Study of such systems promises to yield important evolutionary and taxo- 
nomic data and should be strongly encouraged in advance of their disruption by human activities. 
Areas requiring or recommending special attention include exploitative systems such as insect- 
plant interactions, the biology of extrafloral nectaries, and mimicry and other anti-predator 
adaptations. Gilbert's study (1972) of Heliconiine butterflies has shown that co-evolved systems 
may involve many taxa of organisms at as many as three trophic levels in the community, beyond a 
simple two-species system (besides the butterflies, their larval host Passifloraceae, adult food 
plants of the Cucurbitaceae, and parasitoids). 


COLLABORATIVE STUDIES Collboratweaanies require emphasis from the syste- 


matic biological research community. Such studies may be purely taxonomic, co-evolutionary, or 
more widely ecological in scope. Comparative studies within a single, higher level taxon could 
include biochemists, geneticists, palynologists, etc., as part of a detailed phylogenetic approach. 
Co-evolutionary studies would join taxonomists of varied component taxa, as well as, perhaps, 
plant secondary-chemicals biochemists or other specialists. Community or ecosystem studies (of 
the sort recommended in Anonymous, 1980b, chapter 4) require systematists for collection and 
identification of voucher specimens of the component taxa, as sell as for preparation of local keys 
and aids for field identification. Coordination of both individual and collaborative studies within a 
single administrative unit 1s desirable, even essential, in two ways: to avoid, on one hand, 
duplication of effort that would be wasteful of limited time, resources, and personnel and, on the 
other, to facilitate collaborative studies by bringing together those who have knowledge of a 
particular skill or taxon with those who have a need for such expertise. 

Collaborative studies are also useful for the training of systematists in host countries in the 
tropics as they offer the opportunity for joint projects involving both students and established 
workers in those countries. 
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IMPLEMENTATION 


The implementation of the goals listed above will require a greatly accelerated Tropical Biology 
program within the United States and in other countries. 

We see three major areas of need as tropical biology is given increased priority by the systematic 
community: HUMAN RESOURCES, FACILITIES and FUNDING. Each of these areas must be 
greatly augmented if an adequate tropical inventory is to be made before it is too late. 

Under Human Resources, we are concerned especially with international cooperation, profes- 
sionals, technicians, and other support personnel; under Facilities, permanent and temporary field 
stations, laboratories with storage facilities for specimens and data, electronic data processing 
software and equipment; and under Funding, estimates of what the costs will be for the program as 
a whole for the entire process of accelerated tropical field work, collection of specimens and data, 
processing of materials and the integration and publication of results. 


HUMAN RESOURCES. To carry out the goals of tropical biological research, it is 
imperative that both U.S. nationals and host country collaborators participate jointly. At all levels 
from basic collection of data and the processing of materials to the final integration of the results, 
research cooperation must be maintained and personnel involved must be drawn consciously from 
both nations, including professionals, technicians and laborers. Necessary agreements and permits 
must be obtained from national authorities. Output of research should benefit the host country in 
whatever ways possible, including expansion of their national museum collections and in provid- 
ing experience and training for individuals. 

Principal Investigators, co-investigators, and associate investigators should be professionally 
trained, well-established leaders who are expected to conceive the projects, establish their creden- 
tials and knowledge in understanding tropical biology, demonstrate the need for the project, and 
work out the details and strategy for data collections and processing, as well as for the final 
integration of results and publication. 

A valuable human resource exists among university students, both pre- and post-graduate. 
Post-doctoral systematic and ecological biologists should participate in tropical biology projects 
not only in the initial collection stages, but in processing and integration as well. We feel that there 
is an urgent need for support of a greater number of post-docs in systematics to carry out work both 
in the field and in herbaria and laboratories. 3 

Undergraduate students, including biology majors, can be engaged in tropical biology projects in 
various roles. They can participate as field assistants and in particular under contract as members 
of sorting teams for the purpose of identifying organisms under the guidance of professional 
specialists in universities or museums. The current trend towards participation in field investiga- 
tions by competent amateurs and interested citizens (e.g. Operation Earthwatch & The University 
of California Field Research Program) could also be exploited by many tropical researchers. 

Other human resources will undoubtedly be needed for special tasks. For example, some projects 
may call for a special collaborator in data processing while another may require special collabora- 
tors for chemical analyses. 

Consideration must be given to technical personnel and collection managers employed by 
collection centers. It will be necessary for collections to expand to receive the input of new material 
resulting from expeditions (see Facilities in next section) and this will cause strain on already 
existing human resources. Principal Investigators must therefore consider this problem and 
include requests for additional personnel to accommodate the amplified work load. 


FACILITIES. Field stations are necessary to provide bases of operation as well as long-term 
research opportunities. Two levels of permanence will exist for these purposes: 
Permanent Field Stations.— We support the recommendation (Anonymous, 1980b) that the 
following stations be recognized and supported: 
Barro Colorado Island (Smithsonian Institution) 
Centro de Ecologia, Caracas 
Finca lia Selva. Costa Rica COLES) 
Estacion de Biologia, Chamela, Jalisco, Mexico 
The possibility of support for cooperation with the Instituto Nacional de Pesquisas da Amazo- 
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nia, Manaus, Brazil, or the prospective (Ecuador Ministry of Agriculture and USFWS) station on 
the Rio Anango at Napo, Ecuador, should be explored. 

Temporary Field Stations. — Individual projects will require ad hoc bases of operation. The 
opportunistic use and sharing of favorable sites among projects with diverse interests should be 
encouraged, perhaps with a central register of sites, localities, habitats, costs, and political 
requirements for access and use. When possible, boats and vehicles might remain associated with 
such temporary informal stations, though their ownership might transfer from project to project. 


PROCESSING AND STORAGE FACILITIES. A key to rapid inventory of tropical 
biota is the identification of specimens and the accessible storage of specimens and data. We 
suggest that the existing Sorting Centers (Smithsonian, Projeto Flora, Polar Research Institute, 
etc.) provide useful models for a system of specimen preparation and sorting centers. Specialists 
throughout the scientific world should be organized to cooperate as specialists with a willingness 
to supervise student-assisted preparation and initial sorting of specific taxonomic groups on a 
contractual basis. We recommend that a special Information and Communication Center (ICC) be 
established at the Smithsonian Institution to provide the names and addresses of cooperating 
specialists plus information on service costs, and special information about the methods of 
collection and preservation. (Student services contracted through the Smithsonian would not be 
subject to overhead). 

Principal Investigators will be encouraged to obtain the necessary information from the ICC and 
organize the project methods and costs accordingly. Included in the proposal should be estimates 
of numbers of individuals and kinds to be collected, intended costs for processing various groups, 
and assurance that general ground rules have been agreed upon for methods of collection and 
preservation, processor privileges, disposition of specimens, and time tables for stages of the 
work. 

Space, cabinets, etc., may be requested with the proposal, or separately from the Program for 
Biological Research Resources (as in the case of processing centers). Appropriate increases in 
space, cabinets, shelving, boxes, jars, vials, and specialized containers for frozen and chemical 
samples will require significant contribution from participating institutions and funding from 
sponsoring agencies. 

ELECTRONIC DATA PROCESSING. It is clear that the normal time scale for the 
collection, identification, processing, and publication of results is not adequate to the task of 
inventory of vanishing tropical systems. If basic taxonomic information about tropical floras and 
faunas is to be made available in time to support integrative studies on conservation and 
management, five or ten years of elapsed time will often lead to failure. Longer delays in 
publication would be intolerable. Two solutions are offered. Early publication or distribution of 
lists, keys, and other practical information is strongly encouraged. One mechanism for accomplish- 
ing some of these goals is the sharing of electronic catalogue information. Principal Investigators 
as well as processing centers can exchange and share lists and data through cooperative access to 
each other’s EDP files. Environmental data, bibliographies, graphs, and ideas can be shared in an 
exciting, interactive way through inexpensive ‘‘telenet’’ systems. Manuscripts can be typed and 
visually edited with word-processing equipment. Finished manuscripts can be transferred elec- 
tronically to printers for direct printing. Printing machines produce justified, camera- ready copy 
in the desired format and type fonts from electronic tapes or telephone connection with the source 
computer. 

Electronic data banks will also be necessary for the registers of research sites and of sorting 
centers. The Smithsonian Institution should be approached to serve as the home for these 
registers, perhaps integrating these in the ICC. 


EQUIPMENT AND FACILITIES. The proposed system of implementation involves 
special consideration for equipment. Normal field and collecting equipment will be required by 
individual projects. Past experience has shown that there is an opportunity to share certain 
expensive items of equipment by tranfers or leases between projects, especially when expeditions 
studying unrelated groups work in the same areas. 

Increased storage facilities will be acquired in museums and herbaria that are already crowded. A 
massive influx of diverse tropical specimens will certainly require new equipment and facilities. 
The solution to this serious problem will be expensive and will require added commitment and 
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adjustment by the institutions involved. 

Finally, computer terminals capable of word processing and some catalogue manipulation will 
be necessary at participating institutions (though not necessarily in each laboratory). The termi- 
nals must be “smart terminals” capable of upper and lower case transmission and capable of 
interacting with a data storage system such as SELGEM or TAXIR. Appropriate software ts 
available at modest cost. 


FUNDING. The implementation of the accelerated systematic work we recommend in the 
tropics will need a large increase in funding for human resources, facilities, travel, and publication 
costs. We see a need for the preparation of at least two large research proposals ($500,000 or more 
each) by leading, tropics oriented, Principal Investigators. Such proposals, if funded, could 
expedite many of the goals outlined above, especially collaborative studies involving teams of 
investigators and extended work at permanent and temporary field stations, a vital part of our 
recommendations. There 1s a need for such proposals to be funded for a reasonably long period to 
give stability and continuity to this type of program. 

In addition, we also believe that we need 100 new average-size tropical proposals each year 
(extending indefinitely) involving Principal Investigators, post-docs, and undergraduates for a 
total of $10,751,950 per year excluding overhead costs. It is estimated that these monies will be 
distributed at several levels of expertise and geographical regions in the USA and host countries. 
The itemization of these costs is given below. 


Costs per Total Costs 
a. Personnel Project (100 Projects) 
PI salaries/benefits $30,000 $3,000,000 
Post docs (100) 15,000 1,500,000 
Pre-docs/undergrads (200+-)? 5 /hour 3,000,000 
Technical (100) 15,000 1,500,000 
TOTAL PERSONNEL $9,000,000 
b. Travel— 

Airfare Ry LT 100 PI 2 trips/year @ $1200 $ 240,000 
100 Post-docs 2 trips/year 240,000 
50 Tec 1 trip/year 60,000 
Subtotal $ 540,000 
Local Taxi—$100/person $ 60,000 
Other—$300/ person 180,000 
Subtotal $ 240,000 
TOTAL TRAVEL $ 780,000 

c. Equipment— 
Field Equipment $2,000/ proposal/year $ 200,000 
Freight of Equipment $2,000/ proposal/year 200,000 
TOTAL EQUIPMENT $ 400,000 


e. Publication— | 
61% Revision/ Monograph, @ 200 pages 
each; 19% Integrative,@ 50 pages 
each; 20% Other, @ 30 pages each, 
13,770 pages year ($35 per page). $481,950 


TOTAL COST OF 100 PROPOSALS 
(excluding facilities costs): $10,751,950 
Note: Funding is expected to rise each year due to increased interest in the tropics, increased 
airfares, and increased salaries. 


2 based on following collected material per annum: arthropods, 8,000,000; plants, 75,000; fish, 
600,000; other vertebrates, 150,000; other, 10,000. 
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A special Information and Communication Center for data and specimen processing coordina- 
tion will require personnel and data processing equipment at an annual rate estimated at $65,000, 
with a start-up cost of $90,000. 


Personnel: 
2 GS-5 (salary and benefits) $30,000 
1 GS-7 18,000 
Equipment (start-up): 30,000 
All other 12,000 


TOTAL $90,000 


RECOMMENDATION: A UNIT FOR TROPICAL BIOLOGY 


To handle the tasks consistent with the unique goals and urgent needs of tropical biology at this 
time, we recommend the creation of a unit for tropical biology to implement, coordinate, and fund 
basic research in environmental biology in the tropics. In order to provide a realistic base which 
would permit the attainment of these goals (at the level discussed above) we recommend that this 
unit have the following charge, structure, function and location. 


CHARGE. To administer, fund, oversee and coordinate a national and international effort in 
tropical biology. 


STRUCTURE. An officer-in-charge would coordinate the activities of a number of staff 
officers each being responsible for specific areas of science and their relation to the whole picture 
of ongoing activiti. For example, there would be a tropical systematist who would be responsible 
for the processing of proposals for work specifically designed for systematic efforts in the tropics. 
Each officer responsible for a specific area of tropical biological science would coordinate his/her 
activities with those of the other officers and with the review panels. 


FUNCTION. The unit's prime function would be to provide a means by which scientists at 
American institutions could apply for funding for research projects in the tropics within the 
guidelines and priorities established. It would be able to provide to the individual researcher or 
group of researchers, the expertise in international coordination, and logistic support which would 
expedite the research being performed. The proposals would be judged by the same peer review 
system presently utilized by the National Science Foundation. The Unit would contain individuals 
who would have the tasks of monitoring progress, coordinating with domestic and foreign 
agencies and institutions, and established programs of the National Science Foundation whose 
work deals with common interests. 


FINAL NOTE: Important items of a discussion following verbal presentation of this report 
at ICSEB II meetings in Vancouver, July 1980. 

Emphasis on consideration of the host countries is an important part of this report. We should 
recommend that all U.S. investigators be instructed to leave major items of equipment in host 
countries for use by local biologists. In addition, the discussion emphasized the need for bilingual 
publication of results. We should ensure that results of tropical work are made available in the 
languages of our host countries in the tropics: publication of floras and faunas in non-English 
languages should be encouraged. 

The group also expressed concern with the housing of specimens in the host countries. A 
tropical biology unit in the United States should concern itself with the improvement of facilities 
for specimens in the tropical host countries. 

Another topic of discussion was the difficulties in obtaining permits in some countries. A 
tropical biology unit should be involved in agreements which facilitate permits for work. 
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IV. RESEARCH TRENDS 


This report on Research Trends evaluates the strengths and weaknesses of current research in 
systematic biology, assesses the overall prospects for systematics research in the next decade, and 
suggests new emphases and priorities that might be most appropriate for the future. One 
perceived concern 1s that an increased emphasis on quantification is needed, especially in certain 
branches of systematics. On one level, the availability of modern computers and computer 
programs makes possible the storage and retrieval of the increasingly large and otherwise 
unwieldy volumes of data with which systematic biology is forced to cope. At a second level, data 
analysis can be greatly facilitated by the appropriate use of computers and computational technol- 
ogy. Increased use of computers to process and quantitatively test systematic data might approp- 
riately be emphasized, for example, in constructing and comparing phylogenetic trees. 

Another overall concern is how best to make available to systematics new techniques and 
developments in such related fields as biochemistry. Application of such techniques will inevitably 
be increasingly important to the progress of systematic knowledge, and interdisciplinary efforts 
will be an integral part of such progress. Work in which systematists collaborate toward the 
resolution of systematic problems with, for example, biochemists, geneticists, or statisticians 
should be encouraged. The unique perspective and overview available to the systematist are 
imperative for insightful analysis of evolutionary patterns and relationships, while the technical 
skills of collaborators are also essential for optimal results. Development of interdisciplinary 
mission-oriented research teams focused on specific fundamental questions and funded for 
relatively long- term projects is one possible means of implementing such collaboration. 

More emphasis should be placed on selecting taxa appropriate to address fundamental ques- 
tions. This ts especially obvious in the tropics where activities of the human population are causing 
disruption and extinction of much of the world’s biota. Taxa that are representative of groups or 
patterns of special relevance for such major questions as the mechanisms of speciation and 
evolution should be selected for preferential study. 

Research trends, priorities, and needs in different subdisciplines of systematics tend to be 
distinct. The workshop participants considered current research and research trends in systema- 
tics from three perspectives: (1) microevolutionary research (2) classification and biogeography 
and (3) macroevolutionary research. Specific foci, problems and needs of particular concern in 
these different areas are noted below. By indicating these, we hope to foster a more coordinated 
research thrust, designed to optimize the potential for increasing systematic knowledge on its 
most promising frontiers. 


MICROEVOLUTION AND SPECIATION 


Systematic biologists have traditionally been concerned with documenting and classifying the 
divergence and variability of the earth’s biota, but they have also been engaged in developing 
theory to account for evolutionary change, including adaptation and speciation. Among contem- 
porary biologists, ours is the only discipline that attempts to describe and integrate the many levels 
of biological organization; from the genetic and developmental bases of phenotypes in individuals, 
to population divergence in response to changes in environmental factors, to the origin and 
establishment of reproductive barriers that result in speciation. Nevertheless, this broad perspec- 
tive has not yet provided specific examples that demonstrate in detail how an adaptive phenotype 
is acquired, how variability within populations is translated into divergence among populations, or 
how speciation is achieved in different groups of organisms. Recent conceptual and technological 
breakthroughs, particularly in molecular and developmental biology, can, however, now be applied 
to many significant questions that have remained unanswered, while systematic biologists will 
increasingly consider such components of differential reproduction as longevity, dispersal, habitat 
selection and fecundity. Thus, systematic questions must increasingly be embedded in the frame- 
work of molecular and developmental biology on the one hand and of ecology on the other; the 
important links between these diverse fields must increasingly be utilized. The potential result is 
development of a truly integrated science that not only in perspective but in fact traverses the 
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vertical scale from molecules to individuals to populations and species. 


ADAPTIVE NATURE OF CHARACTERS. According to the theory of natural 


selection, the characteristics of individual organisms are supposed to increase their probability of 
survival, or their fecundity, or both, as compared to an ancestral or more “primitive” condition. 
The acquisition of new characters is supposed to increase the probability of survival of individuals 
of a species in competition with individuals of their own and other species in the biota, or allow 
them to invade a new environment. Such characters have been termed adaptive. 

The adaptive nature of characters has become accepted as a fundamental tenet of evolutionary 
theory. There are, however, very few examples showing how specific characters increase the 
survival probability of individuals. Even where a plausible case has been made for the adaptive 
value of a character, as in the studies of industrial melanism in moths, the relationship between 
underlying genetic and developmental phenomena and the maintenance of the character at the 
population level is not always clear. Furthermore, only certain unusually distinct morphological 
characters, such as color polymorphisms, have been amenable to analysis until now. 

The concept of adaptation is widely used in evolutionary and systematic studies. Supposed 
adaptations are, however, often inferences based on superficial observations. In some part, this is 
due to the lack of proper methodology, but in great part it is because of the gap that has existed 
between our understanding of basic Mendelian genetics and how genotypes are translated into 
phenotypes. A rigorous approach to the study of the adaptive nature of characters must include the 
following: | 

(a) quantification of the effect of the character on survivorship and fecundity; 

(b) a causal explanation of how the character affects survivorship and fecundity; and, 

(c) a precise description of the underlying genetic structure and the factors that permit the 

maintenance and transmission of the genetic machinery. 
Furthermore, if we wish to make statements about the evolution of characters, as well as to 
distinguish those attributes that allow individuals to live in specific habitats, a precise knowledge 
of the biochemical and developmental processes underlying at least some characters must be 
acquired. 

Concepts and techniques are available to study adaptation in this precise way. These have been 
developed by different biological disciplines for a variety of objectives, but can now be applied to 
solve this very basic and fundamental question. 

Demographic techniques developed by population ecologists are available to establish rigor- 
ously and quantitatively the survivorship and fecundity of specific phenotypes. Demographic 
studies are time-consuming and labor-intensive, but present no special technical hurdles. New 
developments in microelectronics, especially magnetic memories, are likely to lead to the produc- 
tion of small devices for the easy recording and storing of field data. Demographic techniques 
combined with biochemical techniques (e.g., isozyme analysis, secondary product analysis) for the 
identification of specific genotypes within populations soon will permit the production of life 
tables for specific biotypes in the population. 

One of the most difficult problems in developing a rigorous way of testing adaptation has been 
the development of testable causal hypotheses that predict the way a character will affect 
survivorship and fecundity. That problem still remains. Certain basic physiological processes, such 
as photosynthesis and nitrogen metabolism in plants, are now sufficiently well understood so that 
adaptive arguments can be proposed and tested in the field. Physiological studies require special 
expertise so that these studies require collaboration by specialists in different disciplines. Furth- 
ermore, physiological studies require rather large financial commitments for purchase of the 
necessary equipment. 

Finally, advances in molecular biology and development may allow the isolation of the specific 
genes that code for enzymes known to have physiologically important functions. Ultimately, 
changes at the genetic level are responsible for the evolution of adaptive traits. Biochemical and 
molecular biological studies frequently require special expertise that individual researchers may 
not have or cannot easily acquire, and close collaboration of biochemists, geneticists, and systema- 
tists is imperative. 


ADAPTATION AND SPECIATION. A second question that will continue to occupy a 


central role in systematic biology is the relationship between speciation and adaptation, for 
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example, whether speciation facilitates adaptation (or conversely, whether differential adaptation 
between and within populations and species can lead to speciation). Past efforts to answer this 
question have been mainly concerned with phenetic differentiation among populations within 
species and among species. Much remains to be learned about speciation, such as the exact point at 
which it occurs, the amount and direction (in multivariate phenetic space) of phenetic change in 
relation to adaptation and speciation, and even whether divergence among populations (and 
speciation) can be predicted from a knowledge of variation within populations (and species). 
Critical answers to this fundamental question of systematics will require the application of the 
knowledge and tools of molecular, developmental, ecological and population biology. Such inter- 
disciplinary links are essential even to begin understanding how the phenotype changes in relation 
to genotypic changes. 

Genotypic and phenotypic changes occur in populations that are not homogeneous, and links 
from systematic biology to demographic genetics must be clearly established. For example, we 
need to learn how such aspects of population demography as mating systems, level of spatial 
isolation, inbreeding, founder effects, and genetic bottlenecks affect the establishment of adaptive 
traits within the entire population. Tools of population and demographic genetics encompassing 
analytical solutions, as well as computer simulation, will thus become essential tools for the 
systematic biologist during the next decade. 


MECHANISMS OF SPECIATION. A third major unresolved problem concerns the 


conditions and mechanisms that promote speciation. For instance, almost nothing is known about 
the nature and number of genetic and developmental changes directly involved in the emergence 
of a new species. Chromosome rearrangements are often implicated in speciation events, but their 
role is not clearly understood. Moreover, we still know little about speciation rates and why some 
groups of organisms appear to evolve and speciate more rapidly than others. The effects of gene 
flow, selection and stochastic processes and the importance of ecological, behavioral and geogra- 
phic factors on the development of reproductive isolation between diverging populations has yet 
to be resolved. Research into these areas must be promoted if we are to gain further insight into 
the basic evolutionary process of speciation. Because of its complex nature, research on speciation 
necessarily requires multidisciplinary effort on the part of molecular, organismal, developmental 
and population biologists. 

The recent spectacular advances in our understanding of the structure and function of chromo- 
somes and genes give exciting new focus to research on speciation, but require that the tools of the 
molecular biologist be increasingly integrated into speciation research. New discoveries in devel- 
opmental biology, particularly about how events at the molecular level are regulated and timed, can 
also contribute to our understanding of how specific genetic changes lead to adaptive shifts. Ata 
higher level of integration, the population geneticist and ecologist can provide a better under- 
standing of how population structure and dynamics affect speciation. 


CLASSIFICATION AND BIOGEOGRAPHICAL PATTERNS 


PHYLOGENETIC ANALYSIS. The primary activity of systematic research for at least 


the last century has been the search for natural groups, that is, those groups that are defined in 
terms of their descent from a common ancestor. An understanding of phylogenetic relationships 
remains of central interest to contemporary systematic biologists. Corroborated, testable hypo- 
theses of phylogenetic relationships are mandatory and prerequisite to our attempts to understand 
the history of life, the patterns and processes of interpopulational differentiation and speciation, 
and the historical biogeography of the world’s biota. Accordingly, there will be a continuing and 
fundamental need to encourage and support basic research on the phylogenetic analysis of living 
taxa. 

Two important subsidiary questions relate directly to the problem of formulating hypotheses of 
phylogenetic history: the first is concerned with the kinds of data required to undertake this 
research, and the second with the relative applicability of different techniques of data analysis. It 
has become increasingly apparent that all types of intrinsic data, that is, those attributes of 


organisms that are a direct manifestation of the genotype, have the potential to provide phyloge- 
netic information. The search for these data, from the level of gene structure up to the level of the 
whole organism’s phenotype, must be a priority of systematists engaged in phylogenetic research. 

Studies on specific taxa should be as broad-based as possible in order to bring as much data as 
possible to bear on the evaluation of alternative phylogenetic hypotheses. Within systematic 
biology there is a pressing need to support the studies necessary to gather these basic systematic 
data, especially in view of the accelerating rate of disappearance from the earth of so many of the 
evolutionary products, the analysis of which could provide unique phylogenetic insights. 

The second aspect of phylogenetic research, namely the development and evaluation of tech- 
niques of data analysis, has been the subject of much research in recent years and will remain so in 
the forseeable future. Much phylogenetic research has recently been organized on the importance 
of basing phylogenetic relationships on shared derived similarity. In future years, additional 
studies that evaluate the efficacy of alternative methods of data analysis, particularly those that 
handle the comparative data quantitatively, will be required. 


BIOGEOGRAPHY. Study of the distributions of plant and animal groups should play a 
fundamental part in developing hypotheses about the phylogenetic relationships of the members 
of these groups. A central question, the answer to which must be developed through study of a wide 
range of organisms, is ‘What is the relationship between estimates of the phylogenetic history of 
organisms and the biological and geological processes that have given rise to current distribu- 
tions?’ An understanding of the presumed phylogenetic relationships of the members of these 
groups, how this understanding of relationships can be portrayed geographically, and how these 
geographical patterns can be explained in terms of earth history and the movement of individual 
organisms through time and space will become increasingly a focal point of systematic studies. The 
coordination of data and conclusions from other disciplines, such as details of continental drift and 
other geological processes, will become a necessary and basic component of systematic studies. 

With the increasing importance of developing historical biogeographical explanations of 
evolutionary relationships, several additional questions will be increasingly important. These 
include: 

(a) What are the appropriate methods for the development of biogeographic hypotheses? 

(b) What and where are areas of endemism, and how are they historically interrelated? 

(c) How can patterns of diversity be documented, and why are there geographical gradients of 

diversity? 

(d) How can biogeographic theory and methodology be used to investigate speciation? 

Currently, biogeography is undergoing a period of active development and controversy. One 
central argument is whether extrinsic vicariance events or dispersal mechanisms are the primary 
causes of current patterns of distribution. Systematic studies are a crucial source of the data 
necessary for possible elucidation of the role of each process in the development of current 
distributions and resolution of an evolutionary problem, with critical implications for disciplines 
as diverse as biogeography, ecology, and even land use planning and conservation. 


CLASSIFICATION. Classification permits researchers to know that they are talking about 
the same organism or the same group of organisms, and is thus critically important, not only in 
systematics, but in virtually all subdisciplines of biology. The Linnaean hierarchical scheme is the 
universally accepted basis for biological classification, but the manner in which taxa are organized 
into higher categories within that hierarchy is an area of great ferment. Two generally accepted 
goals are (1) that the hierarchical structure should maximize the number of statements that one 
can make about the included taxa and (2) that at the same time it should express their phylogenetic 
relationships. There is reason to believe that these two goals are compatible with each other and 
research that improves our ability to accomplish these ends will ultimately be the source of the 
classification scheme that will achieve long-term stability. To this end, the resources necessary to 
accumulate comprehensive descriptions of important taxa, to determine the kinds of data that are 
most useful for systematists, to discover which methods increase our understanding of phyloge- 
netic history, and to quantify the differences in explanatory content of opposing classificatory 
proposals and the amount of additional data that might be required to alter that taxonomic 
judgement remain fundamental to progress in systematics. 
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MACROEVOLUTION 


Evolutionary theory requires at least three levels of abstraction, each of which ts a necessary 
complement to the other two. Two of these, focusing on patterns of intrapopulational variation 
and on the actual phenomenon of speciation, are essentially microevolutionary. The third, 
macroevolution, operates through evolutionary time. Its trends do not arise from adaptive 
transformation of populations, but rather from an analog of selection that operates at the level of 
groups of species rather than of individuals. 

Understanding macroevolution requires understanding the constraints of phyletic legacy, 
development, and architecture, just as understanding microevolution requires understanding 
natural selection and the nature of intra- and inter-populational variation. 


PHYLETIC LEGACY. A necessary, but not sufficient, component of understanding 
“phyletic legacy” is the documentation of alpha diversity through time. This will require the use of 
the fossil record to understand taxonomic diversification, the examination of contemporary 
diversity and the various factors that affect diversity over time periods of a few generations, and 
the construction of a rigorous methodology for the elucidation of phylogenetic relationships. 
Understanding diversity through time also requires analysis of the relationship between taxo- 
nomic diversity and rates of evolution. 

The fossil record.— Priority should be given to studies that demonstrate an understanding of 
various biotic and abiotic biases in the interpretation of the fossil record. Emphasis should be 
placed on detailed computer data-based analyses of fossil species (preferably ona global basis) and 
tight stratigraphic control and verification. Data for fossil species citations are available, but 
should be restricted to relatively recent citations (nothing earlier than, say, 1900). 

Contemporary diversity.— Global, regional and subregional estimates of taxonomic diversity 
and relationships are essential to an understanding of evolutionary phenomena. Detailed quantita- 
tive analyses of biotic diversity are needed in clearly defined geographic and systematic contexts. 
Inventories of species are needed but priority should be given to studies that also provide species 
numbers and relative abundance. 

Elucidation of phylogenetic relationships.— The historical perspective given by the fossil 
record and the relationships given by analysis of the contemporary biota provide the empirical 
bases upon which phylogenetic relationships may be constructed and assessed for consistency. 
Methods for phylogenetic reconstruction are numerous; emphasis should be given to those that 
are logically rigorous and that encourage evaluation of alternative hypotheses. An effort must be 
made to incorporate different philosophical approaches into analyses (cladistic, phenetic, etc.) of 
several well-defined sets of organisms. Studies of phylogenetic relationships will continue to grow 
and include information from studies on macromolecules, morphology, life history, etc. 

Relationships between taxonomic diversity and rates of evolution.— Taxomomic diversity, 
once recognized and categorized, may be the result of several factors. The degree to which the 
various factors contribute to the diversity of any taxon is essentially unknown. Thus, taxonomic 
diversity may reflect (1) the age of the taxon, in that diversity is a relatively simple function of 
time, with older groups or subgroups within groups being diverse because they are older; (2) 
ecological factors, in that radiation and the ensuing diversity within taxa may reflect available 
niche diversity and the genetic plasticity to fill these niches (ecological generalists are speciose, 
while taxa of specialized ecologic requirements are less diverse; or (3) evolutionary processes and 
rates, in that drastic differences in the rates of evolution within taxa account for their diversity 
(regardless of the age of taxa, differing rates of evolution have produced diversity). 

Taxonomic diversity is easily recognized, but the underlying cause is more resistant to analysis. 
It is possible to differentiate regularity in rates from opportunistic change by comparing different 
phenotypic levels, although direct comparison of the rates of molecular and gross morphological 
evolution in groups with different degrees of taxonomic diversity is not possible. A contemporary 
example of controversy generated by comparing molecular and morphological rates of evolution 
has been sparked by work involving evolution and diversity of frogs and higher Primates. 

To solve such problems it is necessary to have extensive quantitative molecular and morpholog- 
ical data in key groups. The choice of groups for study should reflect their taxonomic diversity. 
Accurate dating of paleontological events for calibration of rates is essential. The current dilemma 
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revolves around documenting concordance at the molecular level on the one hand, and developing 
statistical procedures to quantify and compare morphological change on the other. Resolution of 
these problems necessitates cooperative work among biochemists, morphologists and statisticians. 

Explanation of large-scale diversity trends.— If species originate in brief geological periods 
followed by longer periods of stasis, then evolutionary trends may represent something more than 
simple allelic substitutes within populations. Long term trends must be the result of differential 
success among individuals of whole series of species. Emphasis should then be placed on attempts 
to ‘decouple’ macroevolution from microevolution. Species should be viewed not only as collec- 
tions of individuals subject to natural selection but also as irreducible inputs to the macroevolu- 
tionary level of abstraction where an analog of natural selection working within populations may 
_be acting directly upon species through differential rates of extinction and origination. Priority 
should be given to the investigation of cladistic events as well as phenetic ones, requiring a 
different perspective from that normally assumed in classical population genetics. 

Modelling of taxonomic diversity changes based on recent and fossil data sets is suggested as an 
effective method for the analysis and explanation of long term diversity trends. Models that 
attempt to explain diversity trends must consider both stochastic and deterministic paradigms. 
Studies of fossil data sets must have tight stratigraphic control of species citation and relatively 
high species abundance, and must include complete faunistic and floristic analyses of considerable 
geographic extent. Studies of recent data sets must employ detailed monographic understanding of 
the taxa involved as well as high species abundance and extended biotic analysis. 

Evolutionary trends.— The principle questions are “Do different kinds of organisms demon- 
strate the same or different trends in their respective patterns of taxonomic diversity?” and “What 
are the criteria for determining homologous and analogous structures?” 

Two methods whereby the first question can be answered are (1) cohort analysis and 
(2) cladistic analysis. Cohort studies using all organisms sharing a given basis of comparison (e.g., 
reproductive strategy, niche, architecture, etc.), would require computer assisted examination of 
alpha diversity. Cladistic studies must deal with clearly defined monophyletic groups and assess 
intrataxonomic patterns of diversification and the extent of their intertaxonomic congruence. 

Homology can be recognized only within the context of phylogeny. Three criteria must be met 
in any recognition of homology: (1) homologous structures must have equivalent positions within 
the ground plan of the development of the organisms; (2) they must have equivalent special 
features; and (3) they must be derived from a common ancestral condition. Criteria (1) and (2) 
define the homoplastic condition for homology while (3) defines the homogenetic condition and 
distinguishes “homology” from “analogy.” Various levels of abstraction for assessing the genetic 
basis of homologous structures are: 

(1) genetic (e.g., gene sequencing, DNA hybridization, and sequence analysis); 

(2) biosynthetic pathways (e.g., glycolate enzymology and flavonoid biosynthesis); 

(3) developmental patterns (congruence in ontogenetic sequence); and 

(4) phylogenetic—is there evidence for a common ancestor? 

Each level of abstraction has an inherent plexus of methodology. Establishment of homology is 
more convincing when based on more than one level of abstraction and therefore methodology. 

The processes by which new major adaptations arise, unlike the processes of the origin of taxa, 
which lie properly within the concepts of taxonomic diversity and time, involve levels of 
abstractions such as constructional morphology, changes in patterns of ontogeny, and epigenetic 
control. Two problems of general interest are the processes by which variation in ontogeny 
become incorporated within the genotype and produce an identifiably new lineage, and the nature 
of factors exogenous to the organism that influence ontogeny and subsequent morphology, 
including epigenetic control on design. 


DEVELOPMENT. 

Ontogenetic Variation and Cladogenesis.— Emphasis should be placed on investigations that 
have as their objective an understanding of how variations in ontogenetic processes become 
incorporated into phylogenetic histories. This will require an understanding of the forces that 
reprogram developmental processes and factors that define the stability of the phenotype. 
Essential to this is an understanding of the chronology of developmental events in different, but 
related taxa. Inherent to this is the desperate need for coordinated interdisciplinary studies that 
include developmental biology, systematics, morphology, and evolutionary theory. 
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Comparisons of variations in ontogeny, as well as differences in morphological design, will 
require precise quantitative techniques. These must define precise geometric relationships and be 
capable of manipulation in both time and space. This will require optical scanning devices, analog 
computers and theoretical studies, and must include expanding cooperation among engineers, 
mathematicians and systematists. : 

Endogenous Factors and Epigenetic Control. Emphasis must be given in equal measure to 
studies on the nature of the epigenetic control of design and its bearing on evolutionary adapta- 
tions. By what mechanisms do adaptations arise? To whatever extent macroevolution is not 
simply a reflection of microevolutionary processes, then mechanistic and conceptual differences 
between the two levels become germane. Furthermore, it is critical to understand how the adaptive 
processes manifest themselves in diverse lineages. Full documentation of epigenetic factors will 
also include environmental factors and the use of paleoecological and ecosystematic studies. 

It is necessary to understand the reciprocal interrelationships between genetic and morphologt- 
cal aspects of organisms in their broadest sense. These are reflected in the levels of taxonomic 
diversity. Studies that attempt to assess the relative roles of deterministic and stochastic processes 
in the generation and maintenance of diversity will contribute to the analysis of these problems. 
What are the relationships between speciation processes and the generation of diversity? Are 
there identifiable factors responsible for the reproductions and existence of speciose vs. nonspeci- 
ose taxa? What relationships exist between taxonomic diversity (1.e., “specioseness’), genetic 
diversity (1.e., allozymes, chromosomal rearrangement) and physiological diversity? 

There is an urgent need for additional theoretical studies. Our understanding of evolution has 
been largely derived from a reductionist approach. Recent theorizing in paleobiology and molecu- 
lar systematics suggests that this approach should be re-evaluated. It is necessary to have 
alternative models to explain discontinuities in the record and the emergence of novel features. 
There is a need to investigate differences in the way very basic processes work at different levels 
and at least to consider a hierarchical approach to evolution. Studies featuring broad synthetic 
approaches, including consideration of alternative interpretations of mechanisms or testing new 
theories of the origin and evolution of diversity, both in the fossil record and in living forms, are to 
be encouraged. It is imperative that a constant process of intellectual challenge and criticism be 
directed towards even the most sacrosanct and deeply entrenched theories and beliefs. 


APPROACHES TO MORPHOLOGY. 


Constructional Morphology.— Emphasis should be placed on the isolation of factors that 
determine constructional morphology. There are at least three, possibly more, components to the 
morphology of an organism and hence to understanding its phenetic relationship to other 
organisms. These components are clearly interdependent, but may be listed in order of increasing 
multivariate complexity: 

(1) physical and mechanical properties of architectural material; 

(2) ecological relationships to other taxa; 

(3) phylogenetic legacy—that is, the genotypic potential for morphology resulting from an 

organism's evolutionary history. 

Understanding the relationship between material properties and phylogenetic legacy requires a 
molecular approach, at the level both of gene interactions and of biosynthetic pathways. Phyloge- 
netic relationships and ecological aspects of morphology can be crosslinked by understanding 
epigenetic and developmental patterns. Finally, material properties of an organism are defined 
both on the basis of what biosynthetic materials are available (genotypically determined) and by 
“optimal design,’ 1.e., the morphological solution to a problem that is permissible within the 
limits of the particular developmental and biochemical matrix of the organism. This is a relatively 
recent conceptual idea, which will involve in-depth, vertical approaches, such as ultrastructural, 
biochemical, biophysical, and engineering approaches in the laboratory correlated with ecological 
and phylogenetic approaches. Of particular significance to potential development of construc- 
tional morphology as a major macroevolutionary approach is the possibility of comparing 
different groups such as invertebrates and vertebrates or pteridophytes and gymnosperms in 
specific studies designed to elucidate general principles. These concepts provide a basis for 
identifying the best methodology for studying any combination of these three factors, and such an a 
priori consideration of ‘best approach” should provide guidelines to NSF with regards to funding 
priorities. 
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Functional Morphology.— This approach should emphasize the tandem analysis of living and 
fossil taxa. Priority should be given to a diversity of approaches. For example, neuromuscular 
physiology, biochemistry, fluid dynamics, ultrastructure and functional mechanisms must be 
considered. Techniques to be encouraged might include, for example, cineradiography and stress- 
strain analysis supplemented by real- time computer analysis. Broad new interdisciplinary studies 
that include the application of diverse lines of evidence toa single problem must be encouraged. To 
understand organismal design, techniques involving material analysis that illustrate fabricational 
constraints can be integrated with functional characteristics of systems to explain potential 
multiple evolutionary pathways and the interactions among systems. 


RECOMMENDATIONS 


Exciting new developments in various fields peripheral to systematics show great promise of 
providing significant new systematic insights. To take advantage of these technological break- 
throughs, however, systematists must greatly expand and coordinate interdisciplinary work with 
specialists in related fields of investigation. We have pinpointed several areas in which systematic 
knowledge seems on the verge of achieving significant progress. In each of these areas, a strong 
and well-supported research thrust has the potential to give major new insight into evolutionary 
and speciational phenomena. 

At the microevolutionary level, developing the necessary new links of systematic biology to 
molecular biology and development on the one hand, and to ecology and population genetics on 
the other will require greater financial support and flexibility of support from NSF than currently 
exists through the Systematic Biology Program. Each functional laboratory in modern molecular 
biology or development for individual or collaborative work will require 50-100 thousand dollar- 
s/investigator/year. In addition, separate funds in the neighborhood of $100,000 will be necessary 
for setting up laboratories not already in existence, and such laboratories are urgently needed. 
Applying methods of ecology and population genetics will entail more experimental and computer 
analysis than is normally utilized in systematic studies, and thus will also require additional funds 
for field and laboratory personnel and for computer assistance (personnel as well as hardware). In 
most cases, these latter commitments would entail doubling or tripling of the current funding per 
investigator per year. 

Among specific results that might be expected from such an expanded program, we anticipate 
that it will soon be possible to relate specific gene sequences to character sets that are likely to be 
adaptively important as well as those that mark significant differences between species. We 
anticipate that knowledge of gene regulation will reveal how single changes in appropriate gene 
sequences lead to multiple phenotypic changes and, therefore, account for species differences. We 
anticipate that the new, high resolution chromosome banding techiniques will permit a better 
understanding of the relationships between chromosome rearrangements and speciation. We 
expect that the tools of quantitative genetics will be applied to characters previously identified by 
anatomical, morphological, physiological and demographic analysis, giving insight into such 
critical areas as heritabilities of character expression and estimates of numbers of genes involved 
in adaptive traits. 

From the perspective of classification and biogeography, dual needs of additional basic data and 
better and more sophisticated data analysis are evident. The need is especially urgent to accelerate 
greatly the accumulation of basic data, from tropical regions of the world where most of the biotic 
diversity occurs and where ecosystems are being rapidly decimated. The improved analysis needed 
to deal more meaningfully with the extant data as well as to cope with the new data resulting from 
the “last gasp” push to sample the disappearing tropical biotas necessitates a major expenditure 
for computer hardware and software. Expenditures of $100,000 per year are estimated. A need 
exists to focus the essential large scale tropical data gathering program to insure, as much as 
possible, both that sophisticated modern approaches are included and that the data gathered are 
appropriate to attempt to resolve specific, fundamental, theoretically relevant questions. A 
committee (or additional workshops) to suggest specific research projects, or orientations, or 
taxonomic groups to be emphasized is one possibility. 

At the macroevolutionary level, at least two specific and relatively new areas of major research 
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interest can be identified. One is the accumulation and analysis of a computerized data base of 
taxonomic diversity, both fossil and extant. The second is constructional morphology, which uses a 
vertical approach to study systematic diversity, rather than the usually horizontal focus of 
functional morphology; it promises to give new impetus to macroevolutionary studies. 
Five specific needs agreed on by this workshop for funding priority are: | 
(1) At least 25 new postdoctoral positions on projects relating to the areas of this report. 
$375,000/year. 5 
(2) Three major microevolution laboratories emphasizing multidisciplinary approaches 
focused on relatively few selected taxa and including ecological-evolutionary viewpoints 
and demographic interpretations. Three PI's and $250,000 per lab per year for three years, 
or about two million dollars total is needed in funding. 
(3) Two laboratories for constructional (as opposed to functional) morphology along the lines 
described above. $100,000/year for three years. Total $600,000. 
(4) Greatly expanded hardware and software for additional data quantification and storage. 
$100,000/lab/year. : 
(5) Acommittee or workshop to suggest ways to include modern approaches and techniques in 
the tropical data gathering effort and how to design that effort to focus on relevant 
questions as well as the generation of an expanded data base. 


V. HUMAN RESOURCES 


STATUS AND TRENDS 


Any assessment of the human resources required by systematic biology, now or in the future, 
must recognize that the subject is interdisciplinary in nature and most systematists are expected to 
teach and perform service work in addition to their basic research activities. Our recommendations 
will deal with improving the capabilities of the systematics community to deal with its multifa- 
ceted concerns. 

The field of systematics has expanded to include many new techniques and new approaches to 
basic questions. This growth has made it increasingly difficult to give adequate training to new 
systematists. New ways must be found to provide the broad education required of young workers 
and to enhance the research tools available to systematists in mid-career. 

To discuss the allocation of human resources within systematics, basic demographic informa- 
tion about the current community of workers is required. This information is not available and 
must be obtained. Data of interest include: a) age distribution in comparison to other fields, 
b) representation of women and minorities, c) proportion of workers studying taxa, relative to 
taxon size, d) geographic distribution of the taxa studied, e) proportions of investigators employ- 
ing various techniques or approaches (e.g., taxon-oriented or phenomenon-oriented), and f) the 
number of Ph.D.’s entering the discipline. 

Among the duties of systematists that pose special problems are teaching and service work. 
Systematists often have heavier teaching loads than their academic colleagues. This stems in part 
from the broad training in biology required in systematics, and it results in systematists being 
qualified to assume greater responsibility for large basic undergraduate courses. The disadvantages 
of this are less time to offer graduate-level systematics courses or to perform basic research. A 
combination of these factors often has a negative effect on promotion and tenure decisions. 

Service functions are inherent in systematics work. Tasks include curation of museum collec- 
tions, and routine identifications for other scientists, such as ecologists and workers in applied 
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areas (for environmental impact statements). Ways need to be found to satisfy the demand for 
routine systematic services without significantly detracting from time needed for research 
activities. 

Finally, we need to provide meaningful forecasts. Systematic and evolutionary biology may be in 
a period of rapid development and transition (Gould, 1980). Even if we had reliable information 
on demographic parameters, we still would not know how many systematists of each type will be 
required. The human resources needed in systematics must be determined by estimates of what 
tasks and scholarly endeavors are of highest priority and with what urgency they must be achieved. 
The success of systematics in meeting perceived needs will bear strongly on the continued activity 
and vitality of this field of biology. 

A previous workshop sponsored by the NSF Systematic Biology Program (Anonymous, 1974) 
conveyed a sense of urgency and passionate concern about the rapid destruction of highly diverse 
biological communities in the tropics, including lowland forests and coral reefs, and the potential 
threats to the diverse benthic communities of the deep sea. The present workshop has briefly 
examined the way in which presently available programs address the crisis in tropical biology, but 
the absence of reliable information on the number of systematists working in the tropics has 
precluded any detailed recommendations. 


CAREER DEVELOPMENT 


CURRICULUM CONTENT. One of the goals of research in systematic biology is to 


produce precise and predictable conclusions about evolutionary relationships among living and 
extinct organisms. To this end, the kind and quality of graduate and post-graduate training are of 
primary importance to further development of the field. The goal of training programs should be 
to produce graduates having a strong theoretical foundation as well as the capability to bring a wide 
variety of data-gathering and analytical procedures to bear on specific evolutionary questions. 

During the past two decades, a number of data-gathering and analytical techniques have been 
applied to problems in systematic biology, thus permitting the formulation and answering of 
novel questions. To deal with the rapidly increasing scope of the field, students need to be more 
broadly trained in diverse areas of biology (e.g., genetics and evolution, development, behavior, 
ecology) as well as mathematics and statistics, computer science, chemistry, and physics. Basic 
courses in these areas have always been essential; however, the rapid proliferation of methodology 
has made broad scientific training mandatory if a systematist is to understand the rationale of the 
various techniques or even to read the literature. It is imperative that systematists appreciate the 
relative merits of each technique so they can evaluate the different kinds of information being 
gathered. This need for broad training involves an inherent problem. Because of time constraints, 
a systematist who tries to master all useful techniques may obtain only a superficial training with 
little real capability in anything. Solutions to this problem include more cooperative and team 
research, and increased opportunities for systematists to learn new techniques throughout their 
careers. 


PREDOCTORAL OPPORTUNITIES. The increasingly broad training required in the 
field also poses problems in career development which need to be addressed immediately. These 
problems are critical during predoctoral studies. The NSF program for Doctoral Dissertation 
Research Improvement provides essential funding for field, travel, and/or laboratory supplies for 
graduate students. Applicants to the Systematics Biology Program at present have a high probabil- 
ity of receiving funds (39 of 54 applications were funded in 1979, a success rate of 72%; the success 
rate in 1980 will probably be 50%) and they benefit greatly from the detailed reviews of their 
proposals by experienced scientists. Requests for funding can include: a) support to work at 
another institution for a limited period to learn new techniques or to consult on technical problems 
(such funds would include travel, housing, and basic supplies); and b) support to work in 
laboratories of the student’s home institution other than that of the student’s major professor, 
where a new or expensive technique can be applied to systematic problems (costs of materials, 
overhead, etc. are needed to make use of such opportunities). 


POSTDOCTORAL OPPORTUNITIES. More postdoctoral opportunities are urgently 


needed in systematic biology for several reasons. 


a) Because of the diverse nature of research in systematic biology, researchers must have 
expertise in several areas. A postdoctoral training program would give new Ph.D.’s the opportun- 
ity to broaden their skills by learning new methodologies. The postdoctoral program would also 
provide a high level of cross-fertilization of ideas between laboratories, which is highly desirable 
for the more rapid development of any scientific discipline. 

b) Postdoctoral experience increases the probability of obtaining a ai and of becoming 
established in a field of study before assuming full academic responsibilities. Most academic 
positions in biology now require some postdoctoral experience which, by tradition, systematists 
are less likely to have than persons in many other disciplines. As a result, young systematists may 
not be competitive with other biologists because of lack of postdoctoral experience. 

c) In the frontiers of research, postdoctoral experience not only broadens the horizons of 
systematists themselves but also sparks interest in systematic and evolutionary questions by other 
groups of workers. 

NSF presently funds a postdoctoral program administered by the National Academy of Sciences 
in which young graduates from all fields compete for a limited number of grants. Competition is 
strong, and relatively few applicants (about 10%) are successful. We urge that data be assembled to 
show how many systematic biologists apply for these postdoctoral awards each year, and how 
many are successful. 

Another means by which postdoctoral students in systematic biology can be funded is by their 
inclusion in established investigators’ research proposals to the Systematic Biology Program. At 
present the average level of funding for all proposals is approximately $30,000 per year. This is not 
sufficient to support postdoctoral investigators, and a greater utilization of this training mecha- 
nism needs to be developed within the Systematic Biology Program. 


OPPORTUNITIES FOR SYSTEMATISTS EARLY IN THEIR CAREERS. 
The 1974 workshop report (Anonymous, 1974) recommended the development of partial or full 
career investigatorships, especially for those systematic biologists producing monographs that 
include biological interpretations. This workshop, however, felt that emphasis should be placed on 
two kinds of awards for systematists early in their careers. 

(a) Young Investigator Awards for recent graduates. Such awards might be targeted toward 
neglected areas of study. 

(b) Career Development Awards for young faculty members in academic institutions. Such 
awards would provide salary support for 3-5 years to relieve the recipient of most of his or her 
administrative and teaching duties, thus providing the opportunity to initiate an intensive 
research program. 

Models for these awards exist at NIH but have not characterized awards at NSF. Young 
investigators in molecular and developmental biology have such awards available to them within 
the NIH framework, but no alternative sources of support are available to systematists outside 
NSF. 


JOB AVAILABILITY. It is difficult to predict how the job market will behave in the next 
few years. Growth rates of faculty have fallen from the levels of the late 60’s and early 70’s. The 
impending downturn in the size of the college population, low rates of retirement until the 
maximum age, and a political environment unfavorable to public spending are leading toward 
lower faculty hiring rates and declining proportions of “younger” faculties within universities. 
These have changed and will continue to change the state of the academic job market and the age 
structure of the researchers. Therefore, it is imperative that the training of systematists prepare 
them to be competitive with other biologists for jobs and career advancement. 


SYSTEMATICS SUPPORT PERSONNEL. Funding is needed for well-trained syste- 
matics support personnel in their own professional career track. These people could relieve 
systematists of routine clerical duties, and from some of the tasks of curating and identifying 
specimens, which detract from research time. These people would have either BA’s or MA’s and 
broad biological backgrounds. The critical need is for persons to aid in the handling, preparation 
and routine identification of taxonomic collections. 

If museum collections are to serve society adequately, it is imperative that the kinds of material 
preserved be diversified. This necessitates training people to preserve specimens not only in 
traditional ways but also for biochemical research (e.g., as in DNA, proteins, and secondary 


compounds), for scanning and transmission electron microscopy, pollen analysis, future germ- 
plasm needs, etc. Ideally some individuals of every species would be preserved in each of these ways 
to allow future study. 

No specific mechanism for assuring support of such highly trained professionals within the 
framework of the NSF system was proposed, beyond suggesting that detailed statements be made 
in the Budget Justification sections of grant proposals emphasizing the experience and expertise of 
senior technicians. 


FUNDING FOR MID-CAREER AND SENIOR SYSTEMATISTS. As syste- 
matic studies increasingly require expertise in a variety of advanced techniques, it would be 
advantageous to recognize the value of mid-career and senior fellowships. These would permit 
systematists to spend a sabbatical year learning new techniques in other laboratories, in order to 
apply these techniques in their subsequent research. 

There is presently at NSF a program supplementing salaries (up to a maximum of 2 months’ 
summer salary) of faculty members at small colleges (those not granting the Ph.D. degree). This 
program is designed to enable individuals to work with researchers at large institutions. It is 
recommended that this program be enlarged to include other than small college faculty members 
so that all mid-career and senior systematists can learn new techniques. 


THE ROLE OF THE GIFTED AMATEUR. We believe that many systematists begin 
their studies informally very early in their lives, sometimes as young as age ten. For many, a gifted 
natural historian (teacher, relative, or family friend) provided the stimulus and example to study 
the natural world. This same conviction is eloquently expressed by G. E. Hutchinson (1979) in his 
description of the richness of his early years as an “embryo ecologist”. The important role of 
regional museums and their personnel, not only in pursuing scientific work, but especially in 
kindling the interest of children in the natural world, deserves increased support. 


DEMOGRAPHIC DATA 


In order to discuss the human resources available in the field of systematics we asked a number 
of questions. Data were not immediately available on many demographic questions; the following 
paragraphs outline the informaton that will be required on a continuing basis in the future. 


HOW MANY SYSTEMATISTS ARE THERE IN THE UNITED STATES? 


To determine whether the field of systematics is expanding or contracting it is necessary to know 
from year to year how many workers there are in systematic research, and what their age 
distribution ts. For those concerned with implementing affirmative action directives it would also 
be useful to know the distribution by sex and minority status in the systematist population so that 
special programs to recruit young biologists could be initiated. One should also know the taxa 
systematists study, what geographic area their research includes, and what other fields of biology 
they consider as part of their research interest. 

The Association of Systematics Collections (Executive Director: Stephen Edwards) provided 
the workshop with the numbers of systematists listed in the Center for Biosystematics Resources 
Registry as of June 1980 in 17 subdisciplines (excluding Bacteria, Living Cells & Tissues, Protozoa 
and Viruses): 


lL. Arachtids 38 
2. Insects 200 
3. Invertebrates 12F 
4. Non-parasitic Helminths 14 
5. Parasites of Animals 19 
6. Parasites of Plants 10 
7. Mollusks 46 
8. Crustaceans 19 
9. Invertebrate Fossils 64 
10. Fishes 100 
11. Amphibians & Reptiles b19 
12. Mammals 106 


13. Birds 85 


14. Vertebrate Fossils 89 
15. Nonvascular Plants 105 
16. Vascular Plants 238 
17. Plant Fossils ie 
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The ASC listing provides the following information on each systematist: a) the types of 
taxonomic services he or she can provide, b) the taxa on which the systematist works, and c) 
geographic information — a delimiter for the taxa. In most of the subdisciplines, listings can be 
obtained at the ordinal level, although for some groups (e.g. the Insecta) listings will shortly be 
available by family. 

We strongly suspect that the numbers of systematists cited for each group are considerably 
underestimated. This discrepancy probably arises for two reaons: 1) the membership of ASC ts 
made up of institutions rather than individuals, and 2) the nature of the questionnaire used to 
gather information from individual systematists caused many not to respond. The survey form had 
as its first question under the heading Service Data’: “Given a fee schedule between two and three 
times salary, which of the following taxonomic services would you be willing to provide?” 
Although the respondents had the option to check the statement “I do not wish to perform any 
taxonomic services’, the service orientation of the questionnaire probably inhibited responses 
from many systematists. 

Another approach toa characterization of the systematics community is tosum the membership 
of various professional societies, cross-checking membership lists for duplications, and using other 
independent listings. 

The botanical field was judged to be the one where the best estimate could be obtained. There are 
two additional sources of information about plant systematists. The Index Herbariorum (7th 
edition) is presently being revised (P. Holmgren, in prep.) and it lists the staff in herbaria 
worldwide. Robert Kiger (Hunt Institute for Botanical Documentation, Pittsburgh) is preparing 
an ‘International Register of Specialists and Current Research in Plant Systematics’. It will be 
possible to obtain from these two lists information on the age distribution of plant systematists, as 
well as data on taxa, current research projects and geographic specializations. 

An estimate of the age distribution of plant systematists working in United States herbaria 
showed that only 30% were under the age of 40. This contrasts strongly with the figure of 65 % for 
environmental biologists, and suggests that the field of systematics is not expanding. 

Obtaining comparable estimates of the number of systematic zoologists would be more difficult. 
Cross-checking membership lists of the following societies should provide an approximate figure 
if the listings allow identification of systematists: 


American Ornithologists’ Union 

American Society of Ichthyologists and Herpetologists 
American Society of Limnology and Oceanography 
American Society of Mammalogists 

American Society of Parasitologists 

American Society of Zoologists 

Arachnological Society of America 

Coleopterists Society 

Cooper Ornithological Society 

Ecological Society of America 

Entomological Society of America 

Herpetologists' League 

Malacological Society 

Paleontological Society 

Society for Vertebrate Paleontology 

Society for the Study of Amphibians and Reptiles 
Society for the Study of Evolution 


Society of Protozoologists 
Society of Systematic Zoology 
Wilson Ornithological Society 


Other sources of information provide approximate figures on the numbers of systematists in 
certain areas. In 1974 a Committee of the American Society of Zoologists, Division of Invertebrate 
Zoology, initiated a study of the resources in invertebrate zoology in the United States (Lee, 1978). 
Questionnaires were mailed to 1550 invertebrate zoologists, and 609 were returned. The Commit- 
tee felt they had succeeded in identifying the nature and extent of invertebrate collections, but were 
less successful in identifying practicing systematists. It may be noted that the number 1550 far 
exceeds the number of invertebrate systematists in the ASC listings (537, excluding Protozool- 
ogy). The committee asserted, however, that the human resources required to provide systematic 
research and services for 30 or more distinct invertebrate phyla were totally inadequate and that 
this should be corrected. The ten recommendations in their report (Appendix A, p. 47) include the 
establishment of a national standing committee on invertebrate systematics and increased and 
innovative funding for research in invertebrates. The small number of proposals in invertebrate 
zoology and paleontology currently being received and funded by NSF's Systematic Biology 
Program was noted (in 1979, 31 proposals were received, 14 were funded and 17 declined). With so 
few proposals, some taxonomic groups were not represented at all in the funding. 

Frank Golley (NSF/ DEB) estimates that there are some 3000 systematists in the United States 
concerned with terrestrial and freshwater biology; this figure was obtained from membership lists 
of the Ecological Society of America (ESA) and the American Society of Limnology and Oceano- 
graphy. The Committee on Education of ESA has used questionnaires to survey their members. 
The results were presented at a symposium on human resources at the AIBS meetings in Tucson in 
the summer of 1980. 

It would be desirable for an appropriate society to sponsor a symposium on human resources in 
systematics after the requisite data outlined in this report have been obtained. 

Frank Golley and John Beaman have estimated the potential gap between the number of 
graduates in environmental biology and systematics and the number of positions available that 
include an opportunity for research. 


Number of Jobs 
Number of Dissertation advertised in SCIENCE 


Abstracts in 1977 in L9G 
Listed by field: 
Ecology 480 160 
Population Biology & 
Behavior 0 43 
Systematic Biology 290 30 
Physiological Ecology 0) 10 
Ecosystems 0) i 
Total in Envir. Biol. 

& Systematics (Golley) 689 254 
Estimate by Scientific 

Manpower Commission 300 100 


In environmental biology, a field which is characterized by a skewed age distribution (65 % of 
individuals are under 40), the number of positions available in academic institutions, government, 
and industry now is apparently sufficient to accept most graduates. In Systematic Biology, 
however, there is no way of estimating the seriousness of the excess of graduates over available 
positions. Individual workshop members reported several positions in Systematic Zoology (e.g., in 
Ornithology and Entomology) that had gone unfilled for lengthy periods; others knew of compe- 
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tent systematists in under-studied groups (e.g., Polychaeta) who could not find positions. 

The National Academy of Sciences report “Research Priorities in Tropical Biology” (Anony- 
mous, 1980b) has stated that the present number of taxonomists studying tropical organisms ts 
approximately 150 worldwide and that four to five times as many are required. These estimates 
(p. 2 and p. 47 in that report) are necessarily rough. Given the perceived imperatives for 
improving knowledge in tropical biology (in the terrestrial and freshwater environments dealt 
with in the NAS report and in estuarine and near-shore marine environments and coral reefs not 
included in that report), and in other fragile communities such as occur in the deep-sea, we must 
know how many systematists exist who are competent to deal with organisms from these 
environments (particularly at the alpha taxonomic level). It is also vital to determine whether 
students and new graduates enter these fields in response to the demand. Some of this information 
will be available from the Kiger index, with respect to botanical systematics. 


HOW MANY ACADEMIC INSTITUTIONS IN THE UNITED 
STATES OFFER ORGANIZED PROGRAMS OF STUDY IN SYSTE- 
MATIC BIOLOGY? The Botanical Society of America publishes a Guide to Graduate Study 
in Botany for the United States and Canada (Anonymous, 1977). The latest edition lists 107 US. 
universities giving Ph.D.’s in Botany, the individual faculty members, their dates of birth, year and 
place of higher degree, specialty of each, present academic rank, and up to 5 of the Ph.D. theses or 
published papers resulting from Ph.D. theses done under the faculty member’s direction in the 
LOT'S, 

Faculty members listing systematic biology as their specialty and/or producing graduates in 
systematic biology could be asked, using a carefully designed questionnaire, to provide information 
on the availability and scope of curricula in systematic biology. Additional questions that might be 
addressed to these individuals (or alternatively to the Deans of Graduate Studies or Departmental 
Directors of Graduate Studies in these institutions) would provide information on the availability 
of postdoctoral positions (how they are funded) in these institutions, and on the positions which 
their graduates enter (academic, museum, industry, government, administration, other). Compil- 
ing a list of institutions that train systematic biologists, and using this list to obtain comparable 
information on curricula, patterns of graduate and post- graduate education, and job success, may 
be difficult. Possible sources of information may include: Peterson’s Annual Guide to Graduate 
Study (Anonymous, 1980d; lists graduate programs, faculty and their specialties in the biological, 
agricultural and health sciences), AIBS Directory of Bioscience Departments and Faculties in the 
United States and Canada (Anonymous, 1975; lists faculty without specialties), and Dissertation 
Abstracts for the last 5 years (a list of institutions producing graduates in systematic zoology and 
botany could be prepared from this source). 

In addressing these questionnaires only to institutions that grant degrees, some institutions that 
play a large role in training systematists may not receive the credit which is due to them. Some 
effort should be made to include non-degree granting institutions (e.g., Smithsonian Institution, 
American Museum of Natural History and Field Museum of Natural History) whose staffs play 
key roles in training many students. 


OPPORTUNITIES IN TROPICAL BIOLOGY. Training programs and post-doctoral 
Opportunities specifically related to tropical biology also need to be highlighted. The OTS program 
in Costa Rica has trained 1500 students, many of whom have pursued careers in tropical biology. 
The Smithsonian provides postdoctoral opportunities in tropical biology in Panama and at its Fort 
Pierce Branch in Florida. The NSF presently (1979) provides 52% of the total federal funding 
going to tropical biology: 


% Dollar support (millions) 
NSF 52 8.9 
Smithsonian 28 4.7 
USDA/USES 1 1.8 
DOE 9 1.6 


Within the Division of Environmental Biology the funds for tropical biology were distributed as 
follows between the different programs: 


% Dollar support (millions) 
Systematic 
Biology 18 a0)? 
Ecosystems 14 2.38 
Ecology 7 OLS 
PBPE 5 91 
BRR 2 0.37 


Research in developing countries is encouraged through the NSF International Program. 
Institutions in the U.S. can apply for funds to cover travel expenses and salaries for investigators to 
come to this country from developing countries for collaborative studies. This program could be 
expanded to include: (a) bringing students from tropical countries to study at U.S. centers for M.S. 
and Ph.D. degrees. This would not only provide training but would strengthen contacts and 
co-operation between U.S. scientists and systematists in tropical countries. b) The program could 
also be used to find ‘Liaison Systematists’, a system similar to that used in Great Britain at Kew. 
Liaison Systematists are rotating senior taxonomists from tropical countries who learn, curate, and 
conduct research in the collections at Kew. 

As a result of proposal pressure and recommendations from the 1974 workshop on trends, 
priorities and needs in systematic and evolutionary biology (Anonymous, 1974), the program on 
Population Biology and Physiological Ecology was formed in 1976. Presently there is some feeling 
that a separate program should be formed to accommodate tropical biology. In view of the relative 
importance of alpha taxonomy at this stage of tropical studies, and the diversity of organisms 
comprising tropical communities, it is desirable that one or two systematic biologists be appointed 
to direct any new program in Tropical Biology. 

The relative paucity of invertebrate systematists to deal with the 30 distinct invertebrate phyla, 
20 of which are limited to, or reach their maximum diversity in the marine environment suggests 
that any movement toward the establishment of a new program split off from the present 
Biological Oceanography Program (OCE in NSF), that would separate systematics from strictly 
ecological studies, might revive this part of the field of invertebrate systematics. 


INSTITUTIONAL ROLES. 


The majority of systematic biologists are employed by three major classes of organizations: 
proprietary; governmental; non-profit. The proprietary organizations employ the least number of 
systematic biologists and the non-profit the greatest number. 


PROPRIETARY ORGANIZATIONS. The greatest potential for expanding the work 
force appears to be in the proprietary organizations. If one excludes the problems generated by 
inflationary pressures on the economy, the number of systematists employed in industry should 
expand in some relationship with the expansion in business activities. A firm specializing in the 
preparation of environmental impact statements could be expected to expand in proportion to 
activity in the construction industry, for example. At present the lack of quality control limits the 
usefulness of such studies. 


GOVERNMENTAL INSTITUTIONS. Governmental institutions, at the federal and 
local levels, not only support systematic biologists directly but also partially support the research 
activities of many others employed by non- profit organizations. The principal funding source of 
the latter has been the National Science Foundation program in Systematic Biology but, some 
support also is available through NIH, EPA, Department of the Interior, etc. Any major growth in 
this area will be as the result of new or modified legislation based on a reordering of national 
priorities. This is not likely in the short term. Modest gains might be made by a reasoned 
presentation of the needs of society and the scientific community to those organizations entrusted 
with carrying out the imperatives established by the Congress or other legislative authorities. 
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NON-PROFIT INSTITUTIONS. Non-profit organizations probably employ the larg- 


est number and variety of systematic biologists. They tend to be educational institutions and can be 
divided into two groups: degree granting and non-degree granting. Both groups have similar aims, 
aspirations, and problems. During the last few decades they have found that income generated 
from endowments is not sufficient to meet the increasing costs of operation. Now they are 
threatened by new problems—a potentially disastrous proposal to change federal tax law, that 
would end private philanthropy as we know it, and in the case of the universities, a declining 
enrollment. Additionally, the non-profit institutions are entering a phase of greatly increased 
governmental regulation that they are financially ill-equipped to respond to. When this set of 
difficulties is added to the inflationary stance of the economy in general, it can be seen that an 
increase in staffing levels is impossible, and a decrease is likely. Indeed, the trend within 
universities has been to increase teaching loads and to carefully review each position as vacancies 
occur. There is a general impression in the biological community that the number of faculty 
positions in systematic biology which are directly associated with systematic collections is decreas- 
ing. A similar de-emphasis has not taken place at the free-standing institutions such as museums 
or the single discipline institutions such as botanical gardens. 


A VOICE FOR SYSTEMATICS. It may be possible to increase the number of employed 


systematists by more strictly monitoring those activities in which systematic information is 
generated in response to legislative mandate. However, a more productive long-term approach 
would be to increase support to those institutions and individuals that have demonstrated a 
long-term commitment to systematic biology. The most obvious source of funds, with a well- 
established procedure, is the National Science Foundation. Because of the way in which individual 
proposals are submitted for consideration by the Foundation, there is no adequate mechanism for 
communicating total community needs to the Foundation. The Association for Systematics 
Collections represents the resource needs in an effective way, but the research needs currently have 
no unified voice. It is recommended that a federation (with membership open to individuals) be 
formed from among the major systematic societies such as the SSZ, ASPT and other discipline- 
oriented societies. The purpose of the federation would be to communicate the needs of the 
systematic community to funding agencies in a holistic, rather than the currently fragmented, 
fashion. 


SHARING THE COSTS OF SERVICES IN SYSTEMATICS. Programs in a 


number of Federal agencies depend in large measure on the information base provided by research 
in systematic biology. It is apparent that the need for this information is increasing, yet there is no 
concurrent trend toward expanding the number of trained systematists. A matter of concern is the 
low quality of the systematic information often included in environmental impact studies, resource 
assessments and similar projects. Numerous errors appear in species lists that result from such 
studies. Such mistakes tend to compound themselves and may frequently lead to inaccurate 
conclusions. The problem may result in part from the practice of awarding contracts for systematic 
work to the lowest bidder, often at figures that are unrealistically low, and in part from inadequate 
funding for quality control and the curation of voucher specimens. We urge that Federal agencies 
such as BLM, EPA, Department of Interior, USDA and NOAA, that deal with collection of 
specimens and other systematic data, be required to make advance funding provisions for the 
support of essential taxonomic services. Programs that will require the use or generation of 
systematic information should be planned with the advice of systematists from the outset. The 
Entomological Society of America is in the process of developing a model for improving the 
quality of systematic data in broad- scale environmental studies. Should this prove successful it may 
serve as an example to be copied in other groups. 

The 1974 workshop (Anonymous, 1974) had as one of its recommendatons the establishment of 
an Institute of Applied Systematics as described in the NRC report entitled “Systematics in 
Support of Bological Research” (Anonymous, 1970). We recommend instead that extension 
services at Land Grant and Sea Grant institutions should provide support for identification and 
other service functions by employing qualified systematists. The activities of these systematists 
should be coordinated with those of systematists in regional museums and herbaria. 


34 


RECOMMENDATIONS 


WITH RESPECT TO CAREER DEVELOPMENT FOR SYSTEMATISTS, IT IS 
RECOMMENDED THAT: 


1) An increased number of postdoctoral opportunities be made available for systematic 
biologists. 

2) Junior Investigator Awards targeted to neglected areas of systematics research, and Career 
Development Awards for promising young systematists in all fields, be made available. 

3) NSF-funded supplementation of salaries of faculty members at small colleges should be 
expanded to include mid-career and senior systematists other than small college faculty, to enable 
them to spend short times learning new techniques. 

4) Curricula in systematic biology should include courses in diverse areas of biology so that 
graduates are broadly trained. Funding for acquisition of skills in new techniques applicable to 
systematics should be facilitated at all stages of a systematist’s career. 


Wilh RESPFCT TO DAIA ON SISTEMA LISTS 11 15 RECOMMENDED 
PIA T: 


1) Data on professional systematists be gathered by comparison of existing society membership 
lists, other sources of information, and by a survey designed to discover the relevant age distribu- 
tion, sex, minority status, taxa studies, geographic limits of the study, etc. This information should 
be updated at regular intervals so that trends can be detected. 

2) Information on curricula for graduate study in systematics in U.S. academic institutions 
should be readily available in botany, zoology and paleobiology. 

3) Information be obtained on how many systematic biologists apply for NSF Postdoctoral 
Awards and their success rate. 

4) Information be obtained on the number of postdoctoral students and technicians supported 
on NSF grants from the Systematic Biology Program, and that these numbers should be compared 
with the number supported on research grants from the other Programs within DEB, from Cell 
Biology and Developmental Biology Programs at NSF, and with the number of National Research 
Service Awards made by NIH. 


WITH RESPECT TO THE SERVICE FUNCTION OF SYSTEMATICS, IT IS 
RECOMMENDED THAT: 


1) Recognition be given to the key role played by experienced systematics support personnel in 
academic institutions and museums. 

2) Governmental agencies funding contract research related to environmental surveys and 
impact statements be required to provide adequate support for systematics services within the 
contracting agency or proprietary interest, and for outside systematics specialists. Funds should 
also be provided for systematic study and curation of voucher specimens from these studies 
deposited in regional museums. 

3) Extension services of Land Grant and Sea Grant institutions employ qualified systematists to 
perform service functions in collaboration with personnel in regional museums. 

4) A committee, consisting of representatives of the major systematic societies be formed to 
consider the creation of a federation of systematists. The purposes of the federation should include 
communication of the needs of the systematic community to funding agencies in an integrated 
way, and increased public relations activity to demonstrate the value of systematists and systema- 
tics to society. 

OTHER RECOMMENDATIONS: 

1) If a new Program in Tropical Biology is initiated within the Division of Environmental 
Biology at NSF, one or two systematic biologists should be appointed to direct the program. 

2) Measures should be taken within the framework of NSF to encourage research in systematic 
biology of invertebrates. 
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VI. PHYSICAL RESOURCES 


The physical resources of systematic biology, which include collections of preserved and living 
biota, the literature about them, the equipment used to analyze them, and the physical facilities in 
which they are housed, are elements absolutely essential to the study of natural history. The 
problems associated with resource use and maintenance must be viewed primarily in terms of the 
demands placed on them by present and anticipated research programs in systematic biology and 
by other scientific disciplines and public bodies that seek the services of systematics. In turn, new 
research programs in systematic biology and related disciplines should not be developed without 
first considering the resources, both physical and human, required to support those programs. 

Proposals for major new programs in tropical biology, expansion of studies requiring more 
sophisticated and expensive equipment, and increasing demands at Federal and State levels for 
assessing the environmental impact of human activities all portend greater pressure on demon- 
strably inadequate physical resources. While increased demands create a series of difficult prob- 
lems that must be overcome, they can only be welcomed, for they are indicative of a renewed and 
strengthened interest by the scientific community and the public in the world’s biota. Scientists, 
administrators, and managers charged with the responsibility for the nation’s physical resources in 
systematic biology must respond to this challenge by upgrading and enhancing the use of existing 
resources, as well as by considering innovative ways of adding to the resource base. 

While essential, funding is not the only element required to build a strong resource base. 
Through proper planning, including the articulation of long-term research goals, individual 
scientists and institutions can make better use of present resources. Inter-institutional communi- 
cation and cooperation, in terms of shared resources, can further enhance the utility of the resource 
base. When necessary, traditional views of resource management should be modified to assure that 
the resource base continues to develop in order to meet both the specific and general needs of 
science and society. 

As has been true historically, principal funding for: 1) the construction or renovation of physical 
plants, 2) the acquisition and care of collections and related library and ancillary materials, 3) the 
development and maintenance of support services and special facilities, including data manage- 
ment systems, 4) better instrumentation, and 5) upgraded field stations or research vessels, will 
largely be generated at an institutional level within the context of its own fiscal programs. It ts 
absolutely essential, therefore, that the limited funding that is available through the Biological 
Research Resources and the Systematic Biology Programs of the National Science Foundation be 
used in a way that maximizes the use and data potential of the resource base. Ideally, such funding 
should be selective in its application and provide opportunities not possible through normal 
institutional funding. It should be widely available to the systematic community on a competitive 
basis. Not only should it be supportive of traditional or existing programs and resources in 
systematic biology, but also it should be used in ways that will encourage innovative solutions to 
systematic problems and questions. 


PRINCIPAL CATEGORIES OF PHYSICAL RESOURCES 


THE PHYSICAL PLANT. Buildings housing research programs in systematic biology 
serve multiple functions. The principal use and space allocation, however, is usually for the storage 
of preserved specimens of the world’s biota. Study and teaching space and storage facilities for 
library and archival materials are likely to be associated with the collections. Space, specific to the 
needs of the discipline, for individual scientists and support staff, as well as multi-user facilities, 
such as chemical laboratories, scanning electron microscope (SEM) and transmission electron 
microscope (TEM) rooms, computer and information storage facilities, studios, and photographic 
dark rooms, may also be included. Living collections, insofar as these relate to systematics, require 
special housing. 

Detailed data on the capital needs of systematic biology are largely absent. In 1973 (America’s 
Systematic Collections: A National Plan) the needs for new construction and renovation of 
existing facilities, for the five year period 1973-1978, were estimated to be in excess of eleven 
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million dollars per annum. It seems certain, despite the building programs carried out by several 
institutions over the past few years, that these capital needs remain and, in fact, will increase if 
major new research programs are undertaken in the tropics. Space is not the only need. Existing 
buildings must be brought into conformity with present building and safety codes, and all require 
energy-efficient control of humidity, temperature, and other environmental conditions. 


COLLECTIONS AND LIBRARIES. Research in systematic biology depends on the 
availability of adequate samples of the world’s flora and fauna. In most cases these samples will be 
represented by preserved specimens, although zoos, aquaria, and botanical gardens provide special 
Opportunities to assemble living collections. 

The nature, extent, condition, and needs of the nation’s preserved systematic collections have 
been documented in a series of publications appearing over the past decade or so (Appendix B). 
During this period, the overall condition of many of the major collections has been improved 
materially. They are in better physical condition, are more accessible, and their capacity to support 
research has markedly improved. These improvements are owed in large measure to the substan- 
tial funding, in excess of 20 million dollars, provided by the Biological Research Resources 
Program. There remain, however, substantial needs for collection support, both for institutions 
that have already benefited from National Science Foundation funding and those that hold 
important collections, but which have not yet received support. Increased funding for collections 
and the establishment of equitable criteria for disbursement of monies are critical issues. 

The future promises further pressure on the collections. Appendix C summarizes the potential 
costs that may be expected from a proposed program to collect extensively the biota of the 
neo-tropics (based on data on p. 50 of these reports). The estimated figure of ten million dollars 
per year is indicative of the magnitude of the problem. Similar problems can be anticipated as the 
result of government sponsored collecting activities and of growth resulting from normal syste- 
matic research. 

It is widely recognized that libraries, archives,.and other forms of written documentation are as 
vital to systematic research as are the biological collections, themselves. Less widely recognized are 
the massive problems related to acquisition, conservation, and organization that beset the collec- 
tions of systematic literature. At present, there is no body of data on the status of systematic 
literature resources, and thus, no basis for accurately assessing the magnitude of the problem, other 
than to note that it is believed to be great. 

It cannot be overemphasized that for systematic biology the state of its collections and library 
resources is the principal resource concern. These form the foundation on which all the other 
activities in biology are built, and must be given priority in funding considerations. 


EQUIPMENT. Systematists, like scientists in other fields, increasingly require more sophis- 
ticated and expensive equipment and new techniques to solve the problems of systematic biology. 
The needs for equipment and associated degrees of expertise and support seem to fall into three 
categories. The first concerns equipment needs associated with activities common to all systema- 
tists, including dissecting and compound microscopes, cameras, and perhaps even tabletop SEM's 
and computers. The second involves larger pieces of equipment or facilities and the associated 
technical support staff that serve departmental or even institutional requirements. Chemical 
laboratories of various kinds, SEM’s and TEM’s, and computer/data analysis facilities fall into this 
category. The third encompasses a level that presently falls outside the realm of systematic biology, 
including national or regional laboratories that could serve widely the needs of the discipline. 
Expensive and extensive instrumentation and scientific and technical support staff would charac- 
terize these facilities (see page 38, National or regional research/service/ training centers). 

While the general levels of equipment and supporting staff needs are readily perceived, data 
concerning the actual extent of the needs are lacking and must be determined by survey. At 
present, most of the funds for the purchase of equipment at the lowest level have been derived 
from institutional budgets and/or grants to individual investigators for the Systematic Biology 
Program. This practice is likely to continue in the future. The more substantial needs represented 
by levels two and three can be met only by funding new programs in either Systematic Biology or 
Biological Research Resources. 
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DISTRIBUTION AND ENRICHMENT OF RESOURCES 


Buildings, collections of specimens and literature, and equipment have been considered as the 
assets of systematic biology. Equally important for the well being of systematics is the manner in 
which these assets are distributed, organized, and managed so that they best serve the collective 
needs of science and society. In this regard we consider three factors: 1) the distribution of 
resources, 2) the creation and support of special facilities, and 3) the management of resources. 


DISTRIBUTION OF RESOURCES. The physical resources of systematic biology are 


dispersed widely through a variety of public and private institutions that differ markedly from one 
another in size and in the constituencies they serve. We find in this diversity one of the great 
strengths of systematic biology. While it may be tempting to suggest, in reports such as this one, 
overall priorities for research directions, it is equally important that individual scientists and 
institutions continue to serve the special needs of their immediate constituencies, as well as 
determine ways that they might best contribute to the overall goals of systematic biology. We 
believe that the essential health of systematic biology depends on the continuation of wide 
diversity and distribution of resources, for it assures broad access, guards against catastrophic 
events, and most importantly, insures widest participation in active systematic research. It is in the 
best interest of systematics to have national, regional, local, and special interest collections and 
libraries, all of which contribute to the furtherance of science. 


NATIONAL OR REGIONAL RESEARCH/SERVICE/TRAINING CEN- 


TERS. Despite the preceding comments, we recognize that within the present extent and 
distribution of resources, some of the needs of systematic biology may not be fully met. Certain 
advanced techniques, especially those of an analytical nature, require the aggregation of extensive 
instrumentation, research expertise, and technical support personnel. Examples are found in 
chemosystematic laboratories and computer facilities. Such facilities and technical support often 
are not available to individual systematists who wish to add them to their research arsenal on an 
occasional basis. If the only alternatives are total involvement or total avoidance, many systema- 
tists will avoid the techniques entirely. For such individuals, a regional or national center offering 
training or specific services, such as the identification of chemical compounds, could make 
expensive advanced techniques available at relatively low cost — one that could be borne in many 
cases by research project budgets in systematic biology. 

The general concept of national or regional centers for specific major research needs, to be 
widely used on a shared basis, is one not generally recognized in systematic biology. The need for 
such centers should be carefully assessed through consultation with a wide segment of the 
systematics community, but a priori the concept seems to hold promise for greatly expanding the 
capabilities of systematists in a reasonably efficient way. The development of such resource 
facilities, probably within existing institutions, obviously must proceed with care and planning. 
Development will require consultation with the potential host institution and commitments from 
a sufficient number of potential users to assure that the center will function successfully. Unless 
the probability of success is high, the development and funding of such centers should be 
postponed. 

Initially, we believe that one or two national centers for chemosystematics could be considered. 
One might be primarily botanical (micromolecular), the other zoological (macromolecular), not 
because of the taxonomic distinction, but because investigators in these two areas are carrying on 
fundamentally different kinds of research. We also believe that a Computer Services Center for 
Systematic Biology should be funded within a national service organization that can serve the 
systematics community. It would provide technical advice for the use of computers in research and 
management programs. Initial support for centers would come from long-term grants, perhaps of 
five years’ duration, but eventually it is expected that centers would be sustained by user fees. 

The concept of shared facilites might also be extended to encompass individuals who share 
common interests in broadly phrased questions of importance to systematics and biology, includ- 
ing those related to speciation, biogeography, and extinction. These questions could be studied in 
an interdisciplinary context on a limited-term basis through augmentation of staff at existing 
institutions. One model that is particularly germane in this instance is that of the CNRS (Centre 
National de la Recherche Scientifique). Following this model, federally funded positions would be 
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created in university or museum departments, or botanical and zoological gardens, to provide the 
required staff expansion. 

Lastly, some mention should be made of field and marine stations both within the continental 
United States and elsewhere. In a sense, these represent shared facilities and provide various 
opportunities for interdisciplinary activity. While systematists may use field and marine stations 
in a variety of ways, they are not as important as areas of broader biogeographical extent. Hence, 
from the point of view of many systematists, they do not carry as high a priority for funding as does 
the support for general field work. Research vessels, because of their mobility, offer greater 
potential to systematists than fixed stations, and may well be considered for support. 


MANAGEMENT. Much of the research in systematic biology emanates from the data 
inherent in its collections and that variously recorded in its literature and archival material. The 
extent of these resources is so vast that their effective use 1s largely a function of the manner in 
which they are managed. It is essential, therefore, that management of collections and library 
resources be considered an integral part of the resource base. In many instances, management 
practices may be improved significantly simply by instituting carefully thought out operational 
and record-keeping procedures. For small and modest quantities of data, manual processing 
systems may be most cost-effective, but for large bodies of information, computer-based systems 
are the only feasible alternative. This is especially true when the data base tequires continuous 
updating, when it ts used for analytical procedures or integrative efforts, or when permutations of 
it are desired. 

In our view, the management of physical resources is not limited to the effective control of 
operational procedures within collections and libraries, as desirable as this may be. We are equally 
concerned that computers be utilized as widely as possible in systematics to generate bibliogra- 
phies, indices, registers, maps, and other assemblages of information of general value in systemat- 
ics research. Our recommendation in the preceding section for the creation of a Computer Service 
Center for Systematic Biology is meant to achieve that end. Equally important, we are of the 
opinion that the National Science Foundation should encourage, when appropriate, requests for 
computer funding in proposals for research and resources support. 


RECOMMENDATIONS 


Our recommendations concerning the resources of systematic biology are constrained. We do 
not have at our disposal all the data necessary to proceed with long-term planning or those that 
would sustain recommendations for funding increases of major proportions. We believe, however, 
that our general perceptions of the resource needs of systematic biology are accurate and permit us 
to put forth recommendations that are attainable within the immediate future. We also believe 
that a realistic appraisal of the nation’s budgetary situation dictates restraint in proposing new 
programs and major new expenditures. We wish to emphasize that our proposals are not to be 
regarded as competitive with existing programs, except perhaps for the funding of workshops, but 
instead represent requests for new monies. 

If the past is truly a key to the future, then it is evident that the continuation of support from the 
National Science Foundation for both individual research and the support of resources is abso- 
lutely essential to systematic biology. Our concern, however, is not the simple continuation of the 
programs in Systematic Biology and Biological Research Resources, which have been the principal 
Federal sources of funds for the discipline, but increases in funds commensurate with the role 
played by systematic biology within biology as a whole. Present support levels provide an essential 
though modest core of support for systematic research and its resources. Within the limits of these 
funds, there exist few opportunities to initiate new programs without severely curtailing those 
existing programs that already have been judged of vital importance. 

We wish to stress that the obligation for the support and maintenance of systematics collections 
does not and cannot lie solely with the National Science Foundation. Government agencies at all 
levels, but particularly those of the Federal government, including the Bureau of Land Managment, 
Fish and Wildlife Service, Environmental Protection Agency, Department of Agriculture, 
Department of Defense, and others that use systematics collections as references or require large 
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scale collecting for their purposes, have an obligation to provide ongoing support for these 
collections. 

In our specific recommendations, we have not addressed some of the major resource needs, 
especially those related to capital construction or those that will arise if tropical salvage collecting 
is initiated (Appendix C), for no significant impact could be made on these problems at present 
funding levels without destroying existing programs. If our recommendations are accepted and 
implemented, the extent of some of these larger problem areas will thereby be more adequately 
documented and may then be dealt with separately. In essence, our recommendations identify a 
series of concerns, some of which can be attacked directly. Others will require additional analysis 
before definitive recommendations can be made. In all cases, we feel that their implementation ts 
possible in the near future. Most of the recommendations suggest interdisciplinary and interinsti- 
tutional cooperation. 

1. We recommend that the Biological Research Resources Program request an established 
national service organization to submit a proposal for the preparation of a report that would 
summarize the extent, distribution, nature, and condition of the physical resources of 
systematic biology, as defined in the preceding pages of this report. Such a report could be 
extracted, in part, from existing advisory committee reports (Appendix B) and from records 
in the files of the Association of Systematics Collections. Other information, especially as it 
relates to physical plants, equipment requirements, growth rates of collections, data man- 
agement, needs and requirements for national or regional resource service centers would be 
generated largely from new surveys of the fields of systematic biology. 

Data should be collected ina manner that will permit their periodic updating, in order that 
comparative analyses and assessments may be made through time. It is expected that the data 
resulting from this report will provide the systematics community, the National Science 
Founation, other Federal agencies and universities with a firm basis for monitoring the state 
of resources in systematic biology, a reference base for planning, anda means for establishing 
program priorities, especially on an interdisciplinary basis. Estimated costs: $100,000 per 
year for three years. 

2. We recommend, in view of the manifest success of the collection support program in the 
Biological Research Resources Program, continued and increased funding for collection 
support and management, with particular attention given those collections that have not yet 
benefited but which hold collections rich in type specimens and specimens which serve as 
documentation for major programs of systematic research. Estimated cost: $1,000,000 per 
year. | 

3. We recommend that the Biological Research Resources Program establish a fund of 
$150,000 per year that can be dispensed by the Program Director with minimum review to 
meet minor but pressing needs of small collections, for example, storage cabinets, supplies, 
or temporary help. Normally such grants would not exceed $10,000. 

4. We recommend that the Biological Research Resources Program request a national service 
organization for the systematics community to submit a proposal to establish a Computer 
Service Center to provide consultation on the use of computers in collection managment and 
systematic research. Such services would include among others: training, consulting, proced- 
ures and software development, and service cataloguing. Estimated cost: $200,000 for facility 
capitalization, and an annual operating budget of $150,000 per year for five years. 

5. We recommend, as a corollary to item 4, that the Biological Research Resources and 
Systematic Biology Programs encourage in grant proposals the integration of innovative 
uses of computers in research and managment functions, especially approaches that aid 
interdisciplinary use of collections and the data associated with them. Estimated cost: 
$300,000 per year. 

6. We recommend that the Biological Research Resources Program solicit proposals to estab- 
lish, ona pilot basis, two national research/ service/training centers within existing institu- 
tions, one of which would be primarily botanical (micromolecular), the other zoological 
(macromolecular). The purpose of these centers would be to train systematists in chemosys- 
tematics techniques, to provide analytical services for natural products chemistry, and to 
conduct research in natural products chemistry, sensu Jato. Establishment of such centers 
would proceed only after very critical proposal reviews, which would include assessment of 
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potential use. Services and training would be provided ona fee basis, which would cover costs 
beyond capitalization and a basic level of continuing operation support. Estimated cost: 
$300,000 for each center for the first year of operation; $150,000 each per year for each of the 
next four years. 


. We recommend that the Biological Research Resources Program solicit proposals from. 


individuals, institutions, or national service organizations, to produce type specimen regis- 
ters on a disciplinary basis. Estimated cost: $50,000 per year for five years. 


. We recommend that the Program in Systematic Biology fund workshops or study groups that 


will consider in an integrated fashion broadly conceived research programs and the physical 
and human resources that are required to support them. Of particular concern are the 
proposed programs in tropical biology, for which the project resource costs are summarized 
in Appendix C, and the possible establishment of interdisciplinary centers for the study of 
such subjects as speciation and biogeography. Estimated cost: Two workshops at $15,000 per 
workshop, $430,000. 

We recommend that the Biological Research Resources Program fund on a disciplinary or 
interdisciplinary basis study groups (three or four individuals each) to determine optimal 
preservation methods that will permit collections to serve better the future needs of 
systematic biology. Of particular interest are freeze-drying, tissue culture, new liquid preser- 
vatives, and the establishment of data standards. Estimated costs: Five study groups at $5,000 
per study group, $25,000. 

We recommend that the Biological Research Resources Program request submission of 
proposals to survey and report on the conditions of the library/archival resources of 
systematic biology, including physical plant, organization, and conservation needs. Esti- 
mated cost: $20,000. 

We recommend that the Biological Research Resources Program fund a workshop to assess 
the needs for bibliographies, floras and faunas, checklists, and indices in systematic biology 
and that the Systematic Biology Program fund projects that will result in the publication of 
such research tools. Estimated cost: $15,000 for the workshop; $75,000 per year for 
publications. 

We recommend that the Systematic Biology or the Biological Research Resources Programs 
fund a workshop to study the relationship of systematics and systematics resources to other 
scientific and public and societal needs, and to determine the manner by which these 
constituencies are served and might better be served by the systematics community. Particu- 
larly germane is the evaluation of two different service concepts, one which stresses a 
centralized institute of applied systematics, the other, the dispersion of service functions 
within existing institutions. Estimated cost: $15,000 for the workshop. 


VIl. SUMMARY OF PRINCIPAL RECOMMENDATIONS 


A large number of recommendations was forthcoming from the five workshops, and the 
principal ones are listed here for convenient reference. For a more complete understanding of 
each, the individual reports must be consulted for supporting data, perspectives and discussions. 
These recommendations provide many opportunities for evaluation and scrutiny by federal 
funding agencies (principally NSF) for possible implementation. Among the recommendations 
from all five workshops came three emphases that stood apart as urgent needs in systematic 
biology perceived by nearly all participants: 
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e NSF must respond in some major and visible way to the urgent need for research in the 
tropics (especially of the New World); 


e More postdoctoral positions are needed on regular research grants to increase research 
productivity and to improve training of young systematists for augmented job competitive- 
ness; and 


e A unifying Federation of Systematic Biologists is needed to allow a more focused community 
response to questions of trends, priorities and needs of systematic biology, such as addressed 
in this report. 


Other important Recommendations, by topical area, are: 


TROPICAL BIOLOGY 


e Establish a Unit for Tropical Biology within the NSF, to handle ona yearly basis two major 
research projects of $500,000 each and 100 regular research projects of $100,000 each; total 
cost $11,000,000 per year. 


e Establish an Information and Communication Center at the Smithsonian Institution to help 
process collections from tropical regions; $90,000 initial cost, $65,000 per year operational 
costs. 


@ Convene a workshop to study the impact of accelerated research activities in the tropics on 
existing human and physical resources; $15,000. 


e Provide funding for long-term basic systematic research in tropical (and other) regions; 
$500,000 per year. 


@ Develop Research Initiation Grants, especially for field studies in tropical regions; 25 grants 
at $5,000 each, total cost $125,000 per year. 


@ Add additional field collectors to regular research grants, especially in poorly known tropical 


regions and dealing with poorly understood taxonomic groups, to increase the levels of 
general collections obtained; $200,000 per year. 


CAREER DEVELOPMENT 


e Encourage the participation of undergraduate students as research assistants on regular 
research grants; 25 students per year at $2,000 each, total cost $50,000 per year. 


@ Make available more postdoctoral positions on regular research grants; 25 new positions per 
year at $15,000 each, total cost $375,000 per year. 


e Establish Career Development Awards for young investigators (Assistant and Associate 
Professor levels) of five years duration each; 10 needed at $50,000 per year each, total cost 


$500,000 per year. 


e Establish Senior Career Awards (age 55 or older) for outstanding researchers; five years 
duration each, 10 needed at $50,000 per year each, total cost $500,000 per year. 


e Provide salary supplements for mid-career systematists to learn new techniques; $50,000 per 
year. 
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@ Stimulate more collaborative research by funding networks of researchers across the country 
working on the same (or similar) problems; three networks per year at $300,000 each, total 
cost $900,000 per year. 


MAJOR RESEARCH FACILITIES 


© Establish two chemosystematics research centers, one dealing with micromolecular data 
(botanical) and the other with macromolecular data (zoological); $300,000 each intitial cost, 
then $150,000 each for next four years, total cost $1,200,000. 


e Establish three new laboratories for investigating microevolutionary processes; $250,000 per 
year each for three years, total cost $2,250,000. 


e Establish two new laboratories for investigating ACHOSOS BAO processes; $200,000 per 
year each for three years, total cost $1,200,000. 


COMPUTER APPLICATIONS 


e Encourage computer work in regular research and collections proposals; $300,000 per year. 
e Establish a Computer Service Center for consultation on use of computers in systematic 
research and collections management; $200,000 initial cost, then $150,000 per year for five 


years, total cost $800,000. 


e Support a workshop to investigate the feasibility of establishing a taxon-oriented data bank; 
$15,000. 


e Provide additional software and hardware for increased quantifications on regular research 


projects dealing with evolutionary processes; $100,000 per year for five years, total cost 
$500,000. 


COLLECTIONS 


e Increase general funding for collections support and management; $1,000,000 per year. 


e Establish priorities and funding for pressing needs of small regional and local collections; 
$150,000 per year. 


e Encourage proposals for type specimen registers; $50,000 per year for five years, total cost 
$250,000. 


e Provide funds for transfer of collections from one institution to another; $100,000 per year. 


e Fund workshops to determine optimal preservation methods; five study groups, $5,000 each, 
total cost $25,000. 


e Solicit proposals dealing with determining library and archival resources in systematic 
biology; $20,000. 


e Fund a workshop on bibliographic and archival needs in systematic biology; $15,000. 
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PUBLICATIONS 


@ Provide increased funding for publications, especially of large monographs; $75,000 per year. 


@ Initiate a small grant format for publication support to aid in more rapid publication of 
systematic studies; 20 grants at $5,000 each, total cost $100,000 per year. 


SERVICE 


e Fund a workshop to propose a mechanism for founding and maintaining a Federation of 
Systematic Biologists; $20,000. 


e Fund a workshop to assess the needs of society in systematic biology and to find improved 
ways to meet these needs; $15,000. 


DATA ON HUMAN AND PHYSICAL RESOURCES 


e Fund a study to summarize the extent, distribution, nature, and condition of the physical 
resources of systematic biology; $100,000 per year for three years, total cost $300,000. 


@ Funda study on the demography of systematists, including number, age, sex, and geographic 
distribution; $50,000. 3 


e Fund a study to evaluate the application and success rates of systematic biologists in 
comparison with other types of biologists in obtaining NSF postdoctoral fellowships, regular 
research grants, postdoctoral positions on research grants, and technical support personnel; 
$50,000. 


e Fund a study to review the existing university curricula of systematic biology and to make 
recommendations for improvement; $50,000. 


VIII. WORKSHOP PARTICIPANTS 


BASIC SYSTEMATIC RESEARCH 


Marshall Crosby, Missouri Botanical Garden; Melinda Denton, Department of Botany, Univer- 
sity of Washington; Virginia Ferris, Department of Entomology, Purdue University; David Frey, 
Department of Zoology, Indiana University; Noel Holmgren, New York Botanical Garden: 
Samuel Jones (Chairman), Department of Botany, University of Georgia; Alan Kohn (Co- 
Chairman), Department of Zoology, University of Washington; Evrett Olson, Department of 
Biology, University of California (Los Angeles); Daniel Otte, Philadelphia Academy of Natural 
Sciences; Jack Rogers, Department of Plant Pathology, Washington State University; James 
Slater, Biological Science Group, University of Connecticut; Grady Webster, Department of 
Botany, University of California (Davis); Ed Wiley, Department of Ichthyology, Natural History 
Museum, University of Kansas. 
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TROPICAL BIOLOGY 


Frank Almeda, Department of Botany, California Academy of Natural Sciences; Frank Barn- 
well, Department of Ecology, University of Minnesota; Donald Duckworth (Co-Chairman), 
Department of Entomology, Smithsonian Institution; Henry Hespenheide, Department of Biol- 
ogy, University of California at Los Angeles; William Newman, Scripps Institute of Oceano- 
graphy; Ghillean Prance (Chairman), New York Botanical Garden; Gerald Smith, Department of 
Ichthyology, University of Michigan; Seymour Sohmer Department of Botany, B. P. Bishop 
Museum, Donald Stone, Department of Botany, Duke University; Warren Wagner, Department 
of Botany, University of Michigan; John Wright, Department of Herpetology, Los Angeles County 
Museum. 


RESEARCH TRENDS 


Alan Brush, Department of Biochemistry, University Of Connecticut; Edwin Bryant, Depart- 
ment of Biology, University of Houston; Guy Bush, Department of Zoology, University of Texas 
(Austin); Joel Cracraft, Department of Anatomy, University of Illinois Medical Center; Thomas 
Duncan, Department of Botany, University of California (Berkeley); Walter Fitch, Department of 
Physiological Chemistry, University of Wisconsin; Gary Floyd, Department of Botany, Ohio State 
University; Alwyn Gentry (Co-Chairman), Missouri Botanical Garden; Leslie Gottlieb, Depart- 
ment of Genetics, University of California (Davis); Karl Niklas, Section of Botany, Cornell 
University; Otto Solbrig, Gray Herbarium, Harvard University; Thomas Uzzell (Chairman), 
Philadelphia Academy of Natural Sciences. 


HUMAN RESOURCES 


William Atchley, Department of Entomology, University of Wisconsin; Susan Case, Museum of 
Comparative Zoology, Harvard University; Kenton Chambers, Department of Botany, Oregon 
State University; Theodore Crovello (Co-Chairman), Department of Biology, University of Notre 
Dame; David Fairbrothers, Department of Botany, Rutgers University (New Brunswick); Judith 
Grassle, (Chairman) Department of Biology, Marine Biological Laboratory (Woods Hole); Patri- 
cia Holmgren, New York Botanical Garden; Charles Michener, Department of Entomology, 
University of Kansas; Lorin Nevling, Departemnt of Botany, Field Museum of Natural History; 
Charles Sibley, Peabody Museum, Yale University; Dieter Wasshausen, Department of Botany, 
Smithsonian Institution. Additional information was supplied by: John Beaman, Frank Golley, 
Frank Ferrari, Gordon Hendler, Carol Terry, Stephen Edwards, Karen Steuck, Melbourne Car- 
riker, David Palmer, Wayne Moss, and Robert Kiger. 


PHYSICAL RESOURCES 


William Anderson, Herbarium, University of Michigan; Craig Black (Chairman), Department 
of Natural History, Carnegie Institute, Pittsburgh; David Bates (Co-Chairman), Bailey Horto- 
rium, Cornell University; Stephen Edwards, Association of Systematics Collections, University of 
Kansas; Niles Eldredge, American Museum of Natural History; Peter Goldblatt, Missouri Botani- 
cal Garden; Almut Jones, Department of Botany, University of Illinois; Robert Kiger, Hunt 
Institute, Carnegie-Mellon University, Pittsburgh; Welton Lee, Department of Invertebrate 
Zoology, California Academy of Natural Sciences; James Norris, Department of Botany, Smith- 
sonian Institution; Peter Robinson, University of Colorado Museum; Ruth Turner, Museum of 
Comparative Zoology, Harvard University. 
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X. APPENDICES 


APPENDIX A 


RECOMMENDATIONS OF THE COMMITTEE FOR SYSTEMATIC 
RESOURCES IN INVERTEBRATE ZOOLOGY, DIVISION OF INVERTE- 
BRATE ZOOLOGY, AMERICAN SOCIETY OF ZOOLOGISTS (Lee, 1978). 


1. Establish a national funding program for improving curation of existing collections. 


2. Fund a national fellowship program which would concurrently provide for the training of 
curatorial and support staff and the improvement of existing collections. 


3. Increase both the level and the breadth of support for research in invertebrate systematics. 
4. Provide a program of funding the specific training of systematist- curators in institutions 


established as taxonomic centers and provide additional funding for permanent positions for 
trained specialists and generalists in such centers. 
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5. Assure that environmental assessment programs include provisions for appropriate funding 
to systematists and/or their institutions for identification and long-term maintenance of 
voucher specimens. 


6. Recognize special needs in areas of invertebrate systematic research where too few or no 
specialists exist, and specifically fund training and research in these areas. 


7. Provide a special program for the support and development of regional guides, keys, 
literature surveys and other taxonomic aids for the general needs of ecologist-biochemists, 
environmental assessment programs and the public. 

8. Provide a national funding program for building and capital improvements. 


9. Establish a national standing committee on invertebrate systematics. 


10. Develop minimal standards for maintenance of invertebrate collections. 


APPENDIX B 


REPORTS ON SYSTEMATICS RESOURCES: 


Arachnology. 


Levi, H. W. 1970. Summary of North American Arachnid Collections. Report to American 
Arachnological Society. Unpublished report. 16 pp. 


Botany. 


Committee for Systematics Resources. 1974. Systematic Botany Resources in America Part I: 
Survey and Preliminary Ranking. American Society of Plant Taxonomists. 


Entomology. 


Hurd, P. D., Jr. et al. 1974. Report of the Advisory Committee for Systematics Resources in 
Entomology. Bull. Ent. Soc. Am. 20:237- 242. 

. 1975. Report of the Advisory Committee for Systematics Resources in Entomology. Part II: 

The Current Status of Entomological Collections in North America. Bull. Ent. Soc. Am. 
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Herpetology. 


Wake, D. B. et al. 1975a. Report of the Committee on Resources in Herpetology. Copeia 
2:391-404. 

. 1975b. Collections of Preserved Amphibians and Reptiles in the United States. SSAR 
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APPENDIX C 


ESTIMATED ANNUAL COSTS FOR PROCESSING AND HOUSING 
NEWLY COLLECTED SPECIMENS FROM TROPICAL REGIONS. 


Other 

Arthropods Plants Fishes Vertebrates Other Taxa Subtotal 
Processing: 
Specimens acquired 
per year: 8,000,000 75,000 600,000 150,000 10,000 
Processing costs 
per specimen: $ 0.50 $ 5.00 $ 3.004 $ 3.00 $ 4.00 
Processing Cost: — $ 4,000,000 $ 375,000 $ 1,800,000 $ 450,000 $ 30,000 $ 6,655,000 
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Storage: 


Specimens per 


cabinet or bottle: 10,000 1,500 
Cabinets/bottles 

needed: 800 50 
Cost per cabinet: $ 500 $ 500 
Storage Cost: $ 400,000 $ 25,000 
Space:” 

Per cabinet/bottle: 9 6 
Total square feet: 7,200 300 
Space cost: $ 350,000 $ 15,000 
Totals $ 4,760,000 $ 415,000 


“Including bottles and alcohol. 


60,000 


0.5 
3,000 
$ 150,000 


$ 1,950,000 


300 


5,000 
$ 500 
$ 250,000 


2) 
45,000 
$ 2,250,000 


$ 2,950,000 


In square feet; if aisle space were included, figures would be increased by one-third. 


“Based on $ 50.00 per square foot. 


ps 


fag i 
$ 14,850 


$ 61,350 


$ 691,500 


$ 2,789,850 
$10,136,250 
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